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PREFACE. 


^N^the work of wliicli the present volume forms tJie third 
and concluding portion, it has been tlie aim of the author 
to give the leading facts and doctrines of chemical science, 
in as concise a form as possible, without sacrificing clear- 
ness and accuracy to brevity. But in order that the reader 
^mjjy be enabled to refer to original sources when further 
information is needed, references have been given to the 
papers from which' the more important details liave been 
obtained, particularly to the recent memoirs on organic 
chemistry. 

* It will be observed that in the arrangement of the 
present volume, free use has been made' of the system of 
classification in homologous series, wJiich was employed 
with such admirable results Ijy the l;|to highly gifted 
M. Gerhardt, whose early removal from the scene of his 
indefatigable and successful labours the scientific com- 
munity have had so recently to deplore. 

The general method of classification adopted bydJhat 
eminent chemist, in his Traite de Chimie Orffatiique, excel- ' 
lent as it is in many respects for the advanced cultivator 
of the science, is not, however, well adapted to the plan of 
a didactic work like the present; and it was judged pre- 
ferable, after a preliminary sketch of the methods of 
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tigation and classification employed, to commence the 
detailed description of the products of organic chemistry 
with that of a few of the best known and most familiar 
compounds derived from the vegetable kingdom, although 
their composition is less simple* than that of many other 
orgsftiic substances ; for this reason su^ar, starch, and vege- 
table fibre were madfe the starting point ; and from them the 
transition was easy to the processes of fermentation, ^d* 
the comprehensive .group of alcohols, and their derivatives 
the ethers and allied compounds. 

■ In treating these various classes of compounds, the 
auttior pi’eferred to examine successively the different 
members of each homologous grouj), bel'ore passing 
coriliideration of the derivatives from the ty])ical or leading 
member of each gryup. For instance, ui'the case of ordi- 
nary alcohol, instead of describing ether, aldehyd, and acetic 
acid succession, the^ different varieties of alcohol, such 
as wood spirit, fousel oil, &'c., are first described; thfen 
aldehyd ancf its honuJogucs ; after them the series of the 
vinic acids, and then that of the ethers. By thus presenting 
the different mei|ibers of the same homologous series in 
succession to the student (see p. 33), he is enabled to trace 
more readily their similarities and their difl'erences, and to 
note the general methojd adopted in their preparation, than 
if Mis attention wore distracted b}^ passing to other bodies 
of totally different character and properties. This plan con- 
duces to brevity as well as to clearness, and facilitates the 
description of the various series from a more general point 
would be readily practicable, if the arrange- 
• since the appearance of 
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Liebig’s classical work on organic chemistry were fob 
lowed. 

The homologous and the collateral series may be com- 
pared to a number of ladders placed side by side against a 
house. The terms of a homologous scrie^succeed each 
other like the rouftd^ of a ladder, whilst the terms of the 
derived and collateral series are like those of a second or a 
’thfrd ladder placed by the side of the first. It is Safer and 
easier to ascend or to descend the steps of each ladder in 
succession, thai* to step across from one ladder to the othq^ . 

In the nomenclature of the alcohols and their deriva- 
tives, the principle introduced in the case of the hydroq^ir- 
bonr, by Berzelius, and more fully carried out by Gerhardt, 
has been followed, \yth the view of avoiding the confusion 
which would have been introduced into Aliis portion of the 
subject, had the names which are frequently employed to 
designate them been retained ; for example : — 

Butylene. Butyl. Butyryl. Butylie Alcohol. • ^ Butyric Acitl. 

(aiLh (cji^ia) (HO, cliw? 

V V • V v--' ' V- ' ' y * ' V ^ 

Tctrylenc, Tetryl. Butj'ryl. Tetrylic Alcohol. Butyric Acid. 

the lower series of terms being those adopted in the 
present work ; and in order to escape the confusion 
between hdyl the radicle of the alcohol, and hulyryl the 
radicle of butyric acid, the Greek term tetryl has been Sub- 
stituted for that of butyl ; the series derived from the alcohol 
being thus distinguished from that derived from the acid. 
Names formed upon tlxis principle, it is true, are often less 
euphonious than those which they are designed to displace ;• 
but it is better’to sacrifice euphony than precision, and the 
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uew terms have the advantage of distinctly recalling the 
proportions of carbon which ai-e present in the respective 
compounds indicated. 

It is necessary to remark that certain acids, particularly 
the carbonic, the oxalic, the sulpliuric, and the sulphurous, 
are freated in the first and second portions of the work as 
though they wore monobasic ; whilst in the third part they 
are viewed as dibasic. At the same time it was stalb(f^ 
(pp. 574, 645, 1162) that there are many circumstances 
wjiich render ^it probable that the lattei* hypothesis is 
the more correct one. It appeared to be convenient to 
retain in the elementarj?^ portion of the work, tlie older view 
which regards these acids as monobasic, and which hasHi^eon. 
hitlierto assumed in all treatises published juevious to that 
of Gerhardt. The«neecssity for thcorctmal explanations at 
an early point in the work was thus obviated, and the sim- 
plicity in the formula3 usually adopted was preserved. In 
the complicated phenomena ol‘ organic (•hemistry, however, 
the results of exp^irflent are more readily interpreted by 
assuming that these acids arc dibasic. 

Ill the closingjchapier of the work, a careful review of 
Kopp’s researches upon atomic volumes and the boiling 
point of organic liquids, is given -. and^it is hoped that the 
comparison of the results of Andrc'ws upon the heat of com- 
bination with those obtained by Favre and Silbermann 
upon the same subject, will be found of value and of inte- 
rest to others besides the student. 

In conclusion, the author desires to express his sincere 
‘thanks to his friend Mr.C. Tomlinson, who has with untiring 
kindness revised the proof sheets of the entire work, and 
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has made several valuable suggestions during its progress. 
To his friend and colleague, Professor Bloxam, he is also 
indebted for the revision of the proof sheets of a large 
portion of the third volume, and- to his patience and 
accuracy the author desires* to acknowledge* hie obligation. 

It may be mentiofied that the equivalent of antimwny 
has recently been redetermined bj'^ Schneider ; and according 
his experiments, which have been confirmed by II. Hose, 
the equivalent number of this metal should be reduced from 
i29‘o to i20'3. 

The difficulty of ensuring complete accuracy in the 
printing of complicated chemical formula) can be known 
only to those who have had to sec a work of this kind 
through the press. Since these sheets have been print(?d, 
several minute eri-ors have been discovered, which are in- 
cluded in a table of errata at the end of the work. Tlie 
student will do well to make the corrections indicated 
previous to reading the book. 


King’s College, London, 
February i i^57* 
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PART III. 


ORGANIC ‘chemistry 


CHAPTER I. 

J NTUODUCTOllY. 

AHaJijsis of Orf/anic Componuds ; — Prinnjiles of Classification ; — 

Aletamorphoscs of Oryarnc Compounds, 

• 

(897*) OiuJANJC CnEMisTUY/j ' its primary signification, is lliat 
(ViYision of tlic science Avhicli trcats’^of t^e clicvnislry of organ izcfl 
])(nngs, and of the ])nKlficts of tlmir actions ii[)on matter 

in its Yarions forms. • 

It is important in Umine to draAV a clear distinction between 
organic compounds and organized bodies. ^ 

Organic corn})Oiinds, like tliosc derived from tlic mineral 
kingdom, possess a definite composition, and jii maT)y cases ex- 
hibit a perfectly definite crystalline striicUire. Jlollies, such as 
sugar, urea, taurin, (juinia, and acetic a(;id, ])e]ong to this class; 
such substances are otten spoken of as tlic proximate principles of 
animals and vc'getables : many oi’ them may be obtained from 
inorganic Ijodios by syetkosis. 

On the other hand, organized bodies, sucli as muscular tissue, 
nervous structure, c(‘lluk>s(^, and ligneous fibre, never exhibit any 
tendency to cjyslaHine structure, but show a rounded, vesicular, 
or fi])rous configuration ; and arc so connected with each otli«r 
as to foi*m parts of a system, cacli of which is incomplete if severed 
from t he i cmaindcr. Bodies such as these cannot be prepared syn- 
tlictii’ally : they are the result of tlic action of living bodies upon 
inaninuitc matter ; a living body having the power of assimilating 
fresh particles, and of arranging them in the special form which 
characterizes the class to wdiicli the individual organism belongs. 

'Jlie study of the chemical changes that occur during these 
transformations, constitutes physiological chemistry , the most ditii- 
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cult branch of the science. Its difficulty depends, however, not 
upon the obscurity which enshrouds the nature of life itself ; for 
the essential nature of every description of force, and of the mys- 
terious tie which exists betAveen matter and force, has baffied the 
penetration of the profoundest philosophers, and belongs to an 
order of truths to which the human intellect probably may not 
be permitted 'jii this sphere of its existence to attain. 

• The difficulty in the study of the chciiiical changes that occur 
in tlie living anima] or plant depends rather upon the extreme 
delicacy of the arrangements by which these metamorphoses are 
effected and upon the complicated nature of those arrangements, 
which arc liable to injury from a multiplicity of causes that have 
hitherto eluded scrutiny. Other difficulties arise from the facility 
with which important changes arc effected in tne organism itself 
without being appreciable to human sense, save in their results, 
although they may even proceed so far as to occasion deatli. The 
igature of a large artery or the section of a nerve effects an 
alteration which can be at once |>-pprcciated ; but when an animal 
is poisoned by a fraction of a grain of aconitine or by a few 
drops of hydrocyanic rad, nothing indicates to the anatomist, to 
the microscopic obsc^rver, or to the chemist, the mode in whicli 
these bodies operate in suddenly cutting short the life of tlic 
animal. The organization still appears to be perfect, yet tlie 
living laboratory no longer continues to perform its wonted opera- 
tions, and the inanimate mass speedily falls under the dominion 
of ordinary chemical l^ws. In the living body, ordinary chemical 
affinities arc suspended, and compounds are produced, which, when 
released from the influences under whicli they originated, quickly 
undergo fresh changes, which are manifested by the occurrence of 
putrefaction and decay, to Avhich both animal and vegetable bodies 
are liable when they no longer form parts of the living frame. 
Occasional instances of instability, somewhat analogous to those 
exhibited by organized bodies, are seen in some of the compounds 
0/ inorganic chemistry ; but this perpetual tendency to change is 
one of the distinguishing and essential characteristics of living 
bodies. When the plant or the animal is performing its functions 
in a healthy manner, these changes succeed each other in a defined 
and regular order ; but if this sequence be modified, even in a 
slight degree, disease generally ensues, and when the alteration 
reaches a certain amount or degree, death is the speedy and 
inevitable consequence. 

In the present work the attention of the reader will be only 
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incidentally directed to the physiological portion of the subject, 
the main object being to exhibit the mutual relations whicli 
the different chemical compounds bear to each other, and to trace 
the laws of their formation. Even with these limitations the 
subject of organic chemistry is one of great extent and complexity. 

(898) Organic products are composed of a# small number of 
elements: yet sucli products ^present properties as Ifnuch opposed 
to each other as it is possible to imagine; some constituting the 
daily food of man, others acting as direct ai^l violent poisons : y(;t 
these very different bodies rarely consist of niora^an^mn^c^- 
n^ents, viz., carbon, hy d f ^g g ft^ ^nitrogtyn^ 

minute pro])ortions of sulphur and phosphorus, with certain earthy 
and saline matters. 

The pre.sence*of carbon is so uniform in orga^iic bodies, thfrt 
generally one of the most convenient means of ascertaining if an 
unknown body be of organic origin, is to heat a fragment of it in a 
narrow test tube ; the carbon is thus separated, and the substatu.v. 
becomes^ charred and blackened except in a few cases where 
the material may be wholly volatiliJied \dthout undergoing dccorn- 
position. Several bf<he essential -#ils,\^ch as those of turpen- 
tine, elcmi, juniper, /md attar of roses, consist of carbon and 
liydrogcn only : the same may be said of naphthalin, benzole, 
and the illuminating Constituents of coal gas : but the larger 
nun\bcr of organic bodies contain carbon, hydrogen, and oxygen ; 
this occurs, for example, in the case of sugar, acetic acid, alcohol, 
the fixed oils, and the greater part of the .proximate principles of 
vegetables. Nitrogen is superadded to these elements in rn^y 
instances, though such compounds ^e of less frequent occurrence, 
except in highly organized portions of the plant or animal, such as 
the seed, or the muscular and other animal tissues; albumen, 
fibrin, indigo, quinia, and the vegetable alkalies generally, contain 
nitrogen as an essential component. The presence of nitrogen 
may in most cases be ascertained readily by heating a small f^jig- 
ment of the substance in a tube, with hydrate of potash, whe»*a 
distinct odour of ammonia is perceived. 

The organs by which these various compounds arc produced 
always contain small "quantities of alkaline and earthy salts, 
among which the compounds of potassium, sodium, calcium, and 
magnesium, in combination with chlorine, and with sulphuric, 
phosphoric, and silicic acids, are the most frequent : in rarer cases 
oxides of iron and manganese are met with, and in still rarer 
instances, fluorine, iodine, and bromine. The presence of certain 
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of these saline bodies appears to be as essential a condition to the 
chemical activity of the growing plant or animal as that of carbon^ 
of hydrogen, or of oxygen. Besides these natural components of 
organic products, the chemist often artificially introduces other 
elements for the purpose of dissecting, as it were, these com- 
pounds, and of ascertaining the probable rational composition of 
the body undbr experiment. With' this view he either produces 
newi compounds wliich contain sulpliuk^, phosphorus, chlorine, 
nitrous acid, or sulphuric acid ; or he obtains others in which 
arsenic, antimoin^, zinc, and a variety of metallic compounds, are 

hydnogn g f the original substanc^e. 

(899) Orgayiic and Inorganic Compounds . — Many distinguished 
philosophers have attempted to define the difierence between 
organic and inorganic chemistry. Thus, Latirent has termed 
organic chemistry ^ the (ihemistry of carbon,^ and Liebig has defined 
it as ^ the chemistry of compound radicles.^ Few persons, however, 
iKOuld be disposed with Laurent, to consider carlx)n?c acid as an 
organic compound, and many cjjicmists regard suljdiurous acid, 
which is undoubtedly a corypourAl inorganic substance, as tlie radicle 
of a somewhat numeroiiia'serio?) ot^bodies ofrinbrganic origin. 

Tlicre is, in fact, no definite line of den^rcation between inor- 
ganic and organic products. Amongst the productions of organized 
nature, acids, alkalies, salts, and other • bodies are met with, 
similar in chemical functions to thosi^ derived from inanimate 
nature ; and all organic compounds are subject to precisely the 
same chemical laws as those which regulate the combinations and 
ddCbm positions of bodies confessedly inorganic ; but the com- 
position of tlie former bcin^ generally much more complicated 
than that of the latter, the balance of affinity in organic bodies 
is disturbed by slighter causes; and there aro consequently an 
unnumbered variety of products generated by slight modifications 
□f the various forces to which organic substances are subjected. 

Still, for convenience sake, it is advisable to classify chemical 
jdtnpounds in some measure according to their origin ; since those 
lerived from the inorganic world, from the greater simplicity of 
:heir composition, afford to the student the most favourable 
nstances for examining the fundamental laws of chemical com- 
)ination, before he proceeds to the investigation of the more com- 
dicated products obtained from operations of the living vegetable 
)r gtnimal. 

The number of organic compounds known to chemists is very 
;reat, and the list is perpetually undergoing increase ; it therefore 
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cannot excite surprise, if amongst them numerous instances of 
isomerism, metamerism, and poly merism (4 1 3) should occur. 

The formation of isomerides, metamerideSy and polymerkieSy as 
bodies which possess the same percentage composition may be 
termed, can only be accounted for by supposing that diderences of 
chemical arrangement occur ^in these different* cases. In some 
instances a rational explanation of the cause of difference may be 
given. A familiar example is afforded in the case of two i^eta- 
merides, acetate of methyl, and formic ethert These two bodies 
arc liquids, whieli each contain C(.H«04, they have nearly the same 
bSiling point and specific gravity, and yield vapours of tlic same 
density; but there can be no doubt that they arc differently con- 
stituted. The aejetato of methyl is prepared by the action of 
acetic ac id upon wood spirit, and acetic acid may be extracteTl 
from it })y mejins of an alcoholic solution of- potash, whilst 
wood spirit is liberated ; formic ether is the result of an action 
of formic add upon ordinary alcohol, and when treated witn 
potash m the same way as tL? acetate of metliyl, betrays its 
origin by yielding formic acid and '??!T^o]^l. The two bodies may 
therefore be representccl as constitufSS^vcS^diffcrently, thus: — 

AceiSte of Methyl. 

C,U,Q, C,IIA = (CeHeO,); and. 

Formic Ether. 


cjiA 0^1103= (CjiA).; 

In other cases, such for example as the«ordinary Sugar of fruHs 
((')i2Hi20i.^), no reasonable hypothesis of its composition has been 
offered ; yet we know of the existence of several bodies isomeric with 
it, such as hydrated lactic and acetic acids, for which a rational 
formula (28 2) has been suggested. 

Even in substances of comparatively simple composition, the 
difficulty of framing a conclusive theory of their molecular arrange- 
ment is very great, as may be seen by inspecting the followip^ 
table, which represents a few of the views which have been tak^n 
respecting the nature of hydrated acetic acid : — 


C4H4O4,. . . . Hydrated Acetic Acid. (Empirical formula.) 

HO, (C4H8), O3 Hydrate of teroxide of Acetyl. (Liebig.) 


H 


(Gerhardt.) 


HO, (C2H3), CjOj.Methyloxalic Acid 
110,02(02113)03. Methylformic Acid 


. (Kolbc.) 
((Wurtz.) 

' ^(Gerhardt.) 
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It must however be borne in mind, that conjectures such as 
these as to the internal arrangement of organic bodies do but 
represent probabilities, which may sometimes be so great as almost 
to amount to certainty. The rational formulae which embody 
these views, should therefore be regarded simply in the light of 
memoria technical; means by which facts maybe riveted upon the 
memory, and ^6y which analogies that otherwise would escape the 
notfce of the observer may be. traced ; and, above all, as instru- 
ments by which that^^precision may be given to our ideas, which 
is so essential to the reception and advancement of solid philoso- 
phical kifowledge. 

On the Analysis of Organic Cornpoitnds. 

i 

(900) Froxhnate Analysis. — In the analysis of organic com- 
])ouiuls, two problems are presented to tlie chenust for solution : — 
■^he o))ject of the first, is to separate tlie proximate components 
of tlui vegetable or animal ^niTxli^et from each other; wh*ilst the 
object of the second, is tcyilelt^uinc the elementary composition of 
the proximate prineij^ks tlrfRTtsdTated. Tiie separation of wheat 
flour into starch, sugar, gluten, ligneous fibre, and oily matter, 
affords an instance of pi'oximaie analysis ; but the determination of 
the , proportions in which the carbon, hytlrogen, and oxygen are 
united in the component starch, sugar, or fibre, furnishes an illus- 
tration of what is nicaiit by ultimate organic analysis. 

The proximate analysis of an organic compound is often a 
matter of great difficulty. The first process generally consists in 
the complete desiccation of a given weight of the substance under 
examination, by exposing it to a tempera- 
tuie of from to 350° in a water wen or 
box of sheet copper, made double, as 
shown in Fig. 325 a being an aperture for 
the introduction of oil or of Mater into 
the interval betu^een the external and in- 
ternal plates, the temperature being regu- 
lated by a thermometer introduced at b. 
The loss of weight which the substance 
under examination experiences during the 
drying can be accurately ascertained 'when 
needed. The dried material is then pul- 
verized, and subjected to the action of 
several solvents in succession, such as ether, alcohol, and water. 


Fig. 321;. 


h 
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A convenient apparatus for tbe digestion of the substances for 

analysis in these menstrua, is shown in fig. 326 : — a is a glass 

flask filled with the li([uid to be employed as the solvent ; this 

can be kept in steady ebullition by 

the lamp beneath, b, is a tube of Fig. 326. 

glass or of tin-])latc, in the contracted , 

portion of which is a plug of cbtton • 

woo],c; in this tube the substance for 

analysis is to be placed ; d, is a short 

lateral tube to which the tube, e, of j 

gl»ss or of flexible metal is attached. ^ S 

M is a tin-plate condenser, which can | 

be filled with water ; //, is a funnel I 

for convey i ugcjold \^iterto the bottom |H | 

of this refrigerator, whilst the hot |e 

water flows otf at the spout above ; ;('; | 

through the axis of m passes a tube, ff, | 

open at •both ends ; the lower *pro- ^ j 

jecting extremity of this tube is fitted^^X J ' | 

by a cork to the top* oS the ^ 

/ is a worm tube, the ,upper extre- 

mity of which passes through the 

side of the refrigerator, and is 

adapt;ed b} a cork to the tube e, 

whilst its lower extremity is soldered --- 

to the tube (/, into which 

its contents flow alter they 

have been condensed in f | 

their passage through the I ||■| | 

refrigerator. It is obvirnis Jf i|H| | 

that by this arrangement I-- 

a perpetual distillation 
of the liquid in the flask 

A, may be readily main- ' - 

tained; the vapour which 

passes through the tube e, becomes condensed in the spiral 
' tube /, and percolates, in the liquid form, through the material 
contained in b, carrying the soluble matters into the flask a, 
where they gradually accumulate. If the employment of metal 
be in any case objectionable, glass vessels may be u,^d, 
but they are more fragile and more costly than those made of 
metal. 
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Ether is particularly valuable as a solvent for fatty substances, 
and for caoiitcliouc and camphor ; alcohol, for the solution of many 
crystallizable organic principles, such as the vegetable alkalies; 
whilst water dissolves sugar, gum, starch, and other bodies, which 
are nearly insoluble in alcohol and in ether. In some cases ben- 
zole, in others chloroform, is a valuable solvent, and may be 
substituted ♦for ether, which they most resemble in their 
solvent action. In particular cases dilute acids, and in others 
dilute alkalies may be employed, but they must be used with 
caution, as they arc liable to act not merely as solvents, but 
also to produce important chemical changes upon the compouv.ds 
submitted to them. No general rule can be laid down for the 
extraction of the different proximate principles ; each class of 
substances requiring special modifications, whidi expcirience alone 
can indicate. 

In all cases of proximate analysis, the employment of the 
jnicroscopc will be found invaluable as a means of watching the 
progress of the separation of the various principles, and of ascer- 
taining whetlicr the substr which the chemist has isolated are 
mixed with other bod^/> may resamblc them in chemical 
habitudes. When a distance or a deposit assumes the crystalline 
state, such an examination, by revealing the similarity or differ- 
ence in form of its component particles, is often more valuable for 
ascc^'taiiiing the purity of a substance than ordinary chemical 
reagents. 

It frequently happens that two or more substances, of dif- 
fident degrees of solubility ^ in the same menstruum, occur 
together : in such a case, if crystallizable, they may often be sepa- 
rated by repeated crystallizations, care being taken always to sepa-* 
rate those crystals which are first deposited from those which are 
formed subsequently : by successive recrystallizations of the first 
portions from each crop, the least soluble compound may be 
obtained in a state of purity. In other cases, if the different com- 
pohnds yield precipitates with the same reagent, but differ in 
the degree of their affinity for it, avseparation may be effected 
by adding a quantity of the precipitant insufficient to throw 
down, for example, mon? than one-half of the amount of sub- 
stances that may be present. The salts of silver or of lead may 
thus be added to mixtures of various organic acids, particularly 
to such as, like the fatty acids^greatly resemble each other in pro- 
perties. The precipitate is then suspended in water, and decom- 
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posed by means of sulphuretted hydrogen^ or a dilute mineral 
acid, in order to separate the metal, and liberate the acid, 
which is again submitted to a similar incomplete precipitation; 
and this process is repeated until the fusing point becomes 
constant, or till some other guarantee of the purity of the body 
is obtained. . 

In the rectification of mixfures of volatile liquidli, analogous 
principles are acted upon • in these cases the boiling point is tiie 
guide. The liquid is placed in a retort, ii:^j:o tlic tubulure of 
which a thermometer is fitted, and the temperature is raised till 
the*liquid boils. So long as the temperature of the boilinj^ liquid 
continues to rise, the substance which distils must consist of a 
mixture; but as soon as the point of ebullition becomes nearly 
stationary, the distftlate may be supposed to have a composition i 
nearly uniform; and by rectifying again those portions which 
distil at the same fixed temperatures, the diftcrent components of 
a mixed liquid j:iiay be obtained in a state of purity. This pro- 
cess of frnctional distillation is well adapted to the separation of 
liquids, the boiling points of which considerably from caclf 

other ; but it docs ndt answer w1p» .tlcrf i^j-rc within or 30° 
of each other. 

Liebig has applied a modification of this method to the sepa- 
ration of certain volatile ‘acids from each other; and it may be 
employed generally in such cases Avith advantage. This process 
consists in saturating a portion of the acid liquid with potash or 
soda, and then proceeding with the distillatiqn ; the more volatile 
acid passes over Avith tlu? distillate. Suppose that it be desired to* 
effect the separation of butyric from valerianic acid : — a certain 
amount of potash is added, and if this be more than sufficient 
to saturate the valerianic ucid, the distillate will consist of butyric 
acid only, while the residue will be a mixture of valerate and buty- 
rate of potash. If, on the other hand, the valerianic acid be 
more than sufficient to saturate the potash, the residue in the 
retort will consist of pure valerate of potash, and the distillate^ 
will te a mixture of butyric and valerianic acids, which may be 
separated by a repetition of the same process. 

(901) Ultimate Analysis , — Before proceeding to the ultimate 
analysis of a body, it is first carefully dried either in the water 
oven^ or by means of an apparatus similar to that shown in 
which A represents a bent glass tube, in which tlfb 
substance to be dried is placed; b, a glass or metallic vessel, con- 
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taining water, or some saline solution; c, an aspirator, by which 
a current of atmospheric air can be maintained through the appa- 
ratus ; and n, a 
Fig. 327. bent tube filled 

with fragments 
of pumice- 
stone, soaked in 
oil of vitriol, for 
drying the air 
as it enters. 
The dcsicca^on 
must ])e con- 
tinued as long 
as the tube a 
ceases to lose 
weight. If the 
desiccation be 
cffeettjd in the 

^ water oven, the 

capsule or crucible to €ool under a shade, over 

a dish of oil of vitriol, and must be kept covered wdiilst being 
weighed, in order to ])revent the absorption of moisture. 

(902I Determination of the Mineral Components , — If any 
mineral substances be })resent in the coni[)ouiKl under examination, 
the amount of these must be ascertained by the incineration of a 
weighed quantity of .the material. This operation, simple as it 
Inn ay appear, is one, the exact pciTormance of which is attended 
w itli considerable difliculty, w hich arises from the partial volatiliza- 
tion of the alkaline chlorides at a red heat, and the reduction of 
the sulphates to the form of sulphides. The incineration should, 
therefore, always be performed at a low temperature, which need 
not exceed a barely visible red, but must be prolonged for many 
hours if the mass for incineration be considerable. M. Caillat 
Ihnds it advantageous in a large number of cases, previous to incine- 
ration, to treat the substance with dilute nitric acid, by which 
means almost the entire saline ingredients may be extracted in the 
soluble form ; on incinerating the insoluble portion, scarcely any- 
thing is left except silica and a small quantity' of peroxide of iron. 
The quantity of saline matters thus obtained always exceeds that 
furnished by the former method; since in the digestion with 
nitric acid the loss occasioned by reduction of the sulphate of 
lime, and the partial expulsion of sulphur from the sulphide of 
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calcium so formed, is avoided ; tlie proportion of sulphuric acid 
obtained is therefore always higher than when incineration is 
employed. 

(903) Since the four elements, carbon, hydrogen, oxygen, and 
nitrogen, constitute the bulk of most organic substances, the 
operation of organic analysis resolves itself mainly* into the accu- 
rate quantitative determination of these elements. We fire indebted 
to Gay Lussac and Thenard for the fundamental principle t\mt 
regulates our operations in this respect. The process proposed by 
them has subs('qucntly been modified and improved by many 
cheftiists, especially by Berzelius, Prout, and Liebig, and it was by 
the last named eminent philosopher that the method now ia 
general use was contrived. 

The oirjcct of tins enquiry being to determine the relative pro- • 
portion in which each of the ultimate elements t;xists, it becomes 
necessary to the success of any analytical process that these ele- 
ments should be procured either ^separately in a state of purity, or 
in the form of definite compounds that can easily be collected; and 
it has been found most convenient, by r" 'pj^ying the substance to be* 
analysed with a sutlhaenf quantity convert the carbon 

into carbonic acid,' which may be absorbed by potasli and weighed, 
and the hydrogen into water; the Avatcr, also, by passing it over 
a substance that has a powerful attraction for it, such as chloride 
of calwiuin or sulphuric acid, may be collected and weighed; 
whilst the nitrogen is collected and measured in the form of j^as, 
over mercury. 

In certain cases where nitrogen is present, the substance to be** 
analysed may be mixed with hydrate of soda or of potash, and 
heated ; all the nitrogen is thus converted into ammonia, in which 
form, like carbonic acid, and water, it admits of being weighed. 
It is easy to find by calculation the weight of the carbon, the 
hydrogen, and the nitrogpn respectively contained in the carbonic 
acid, the water, and the amrnofaa collected. When the proportion ^f 
saline matter has been determined by incineration of a portion o^ 
the mass, tlic quantity of oxygen which the substance contains 
may be known by deducting the united weight of the carbon, the 
hydrogen, the and the salts from the total weight of the 

body analysed p^^^B^ciency (supposing sulphur and phosphorus 
not to have been prHBfc) is reckoned as oxygen. 

Scrupulous attention to the purity of the matter submitted to 
analysis is of course of primary importance, a very slight admix- 
ture with other compounds being sufficient to vitiate the conclusions 
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deducible from tlic experiments. Having by suitable means ascer- 
tained the purity of the substance for analysis^ the next care is to 
ensure its complete desiccation. Solids should be dried in the 
water oven in the manner already directed. Volatile liquids that 
are unchanged by distillation should be allowed to stand for two 
or tliree days ^ipon fragments of fused chloride of calcium ; the 
liquid shouM then be decanted aii^ distilled in a small retort. In 
other eases, as in the examination of fats or fixed oils, it may be 
more convenient toiirdry the material in a watch-glass placed in an 
ordinary water-bath, or the hot-water oven previously described. 
The farther progress of the analysis will vary according to''the 
form and composition of the substance to be examined. 

Wc shall describe the methods of analysing — 

1. A solidy which docs not contain nitrogen. 

2 . A liquid, which does not contain nitrogen. 

3. A substance, which does contain nitrogen. 

I. Analysis of a solid not containing nitrogen," 

(904) The coinhusti^^b^iiich answers best in these experiments 
is charcoal; it is v>^^ * 3 fttfn!^able, but* the dust occasioned by 
it is troublesome. Spirits of wine or pyroxylic spirit are cleaner, 
but their expense is a great objection. Dr. Beale and Dr. Hof- 
mqii have contrived furnaces in which gas is made use of as a 
fuel, but the apparatus is liable to get out of order. {Quart, 
Journ, Chem, Soc.. 18 53, 209.) 

The best form of furnace to be used with charcoal is represented 
at A, fig. 328 : it is made of stout sheet-iron bent into the form 

Fia. 328. 





of a trough, open at one end ; the plate which closes the other end is 
perforated with an aperture three-quarters of in diameter, 

to allow the passage of the combustion tube^Be furnace is about 
twenty inches long, five inches wude at topj^vo inches and three- 
quarters at bottom, and three indies high. Transverse slits are 
made along the floor at intervals of tw'o inches for the admission 
of air, and between each of these slits are riveted vertical stiff 
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pieces of sheet-iron^ one inch high, terminating in a concave edge 
above, for the support of the combustion tube. During the opera- 
tion, the apparatus may rest on bricks, g, g. 

The tube in which the mixture is burned, the combustion or 
retort tube, (a, 6, c,) should be of difficultly fusible glass free from 
lead, about fifteen inches long and half an inch in diameter : the 
hard Bohemian glass answers ftie purpose perfectly. * The tube 
may on certain occasions bff drawn out into a fine but strong tatl 
bent upwards at an obtuse angle, and the iimouth should be 
smoothed by making rt red hot in tlie flame of the blowpipe, so 
that«i cork need not be torn in adjusting it. • 

The water is collected in a bent tube, e, filled with chloride of 
calcium. At rf is a small bulb, in which the greater part of the water 
is condensed ; it may*bc emptied from time to time, ^he chloride 
of calcium with which the bent portion is filled must not be fused, 
but should be prepared merely by evaporating the solution of the 
chloride to dryngss by a strong sand heat. A porous mass is thus 
obtained, which docs not crystallize by a,bsorbing moisture, as the 
fused variety does, to the destruction of- ^ tube that contains it. 
The cork through wliich passes the ’]‘i3tit j}y which it is con- 
nected with the potash bulbs, /, should be trimmed close to the large 
tube and covered neatly with melted sealing-wax ; and, lastly, air 
should be drawn through the apparatus by the mouth to ascertaip 
that no obstruction exists. Pumice-stone moistened with concen- 
trated sulphuric acid may be advantageously substituted for chlo- 
ride of calcium in the drying tube. , * 

The connexion between this tube and the retort, a, b, c, is 
effected by means of U'sound elastic cork, which is made to close 
the mouth of the tube accurately ; it is pierced with a round file, 
and fitted firmly upon the fine tube proceeding from the bulb d of 
the drying tube ; the cork is dried on the sand-bath immediately 
before the apparatus is mounted. 

The solution of potash employed in the bulb tube/, should,^ 
have a sp. gr. of from 1*25 to 1*27, and must be renewed for 
every experiment ; the portions that have been used may be put 
aside, and afterwards, when sufficient Jias been collected, may 
again be rendered caustic in the usual way by means of quicklime. 
To the free end of the potash bulbs a tube A, filled with frag- 
ments of hydrate of potash, is adjusted by means of a cork ; this 
is weighed with the bulbs, and is employed to dry the nitrogen 
and other gases which escape during the course of the analysis. 

The compound commonly used for supplying oxygen to the sub- 
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stance burned is oxide of copper ; this oxide readily imparts oxygen 
to combustible matter in contact with it^ but when heated alone^ it 
bears a very high temperature without being decomposed. It is best 
procured by dissolving copper in pure nitric acid, evaporating to 
dryness and decomposing the nitrate by heating it strongly in an 
earthen crucible. Ignition is to be kept up till red fumes cease 
to appear/* if the heat be too great the oxide becomes aggluti- 
nated, and requires strong pounding in*tin iron mortar to pulverize 
it. Tlie powdered* oxide is afterwards sifted through a fine copper 
sieve, and secured in stojipered glass bottled. 

Immediately before each analytical operation, a sufficient 
quantity of this oxide is to be ignited in a crucible, and while still 
hot, transferred to a diy tube, by plunging the mouth of the 
tube into the oxide in the crucible, and thefl shaking it in piece- 
meal. The tube is then to be immediately closed with a dry 
cork, and allowed to cool. Meantime the interior of the retort is 
to be completely dried by heating each portion of it in succession in 
the flame of a gas or spirit-lamp, beginning at the closed end, arni 
drawing air through tl)i^5>fratcd tube by means of a narrower tube 
passed down just tfer heated paft’t,*and exhausting by the 

mouth. When every part has thus been dried, the retort is 
to be corked and allowed to cool. 

^ Five or six grains of the substaneb to be analysed, powdered 
and dried, are to be put into a perfectly dry test tube, gmd this 
tube with its contents very accurately weighed ; its contents are 
then to bo mix(^d.,with oxide of copper in a mortar, and the 
empty t\ibe again weighed ; the difference gives the weight of 
the substance employed. Much caution requisite in charging 
the retort. The mortar having been first made dry and warm, is 
to be placed on a sheet of glazed paper, and first cleared out with a 
little of the dried oxide of copper^ whicli is thrown aside. Oxide 
of co})])er to the depth of an inch is to be poured into the combustion 
tube ; after Mdiich a small quantity of the oxide is to be put into the 
mortar, then the substance to be analysed, then more oxide : the 
mixture must be made quickly and carefully, adding so much oxide 
as shall be sufficient to a little more than half the retort tube; 
the mortar is then to be taken in the palm of the left hand, and the 
mixture introduced, (carefully picking it up piecemeal by the retort 
tube itself ; fresh portions of oxide are to be rubbed in the mortar to 
clear out the last traces of the mixture, and the retort is then to 
be filled up with pure oxide of copper to within two inches of the 
extremity. 
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The proportions of the mixture are represented in fig.*32S ; 
the portion from the tail of the tube to the letter a consists of 
pure oxide of copper, from « to ^ of the mixture, from ^ to c of 
the rinsings of the mortar, and from c to within an inch of the 
cork is also pure oxide. The tube having been closed by a cork 
is to be struck smartly in a horizontal position on the table, to 
clear the tail-like prolongation, and to make an air-wi^y^ above the 
oxide from end to end. 

The drying tube e having been accurately wgighed, is next to be 
fitted to the dried perforated cork, and connected by it air-tight 
to tke retort tube, a, c ; this is now to be placed in the furnace ; 
the potash apparatus, J\ also previously weighed, is attached to the 
drying tube by means of a connecting piece of caoutchouc, taking 
care that the largesif bulb is on the arm connected with the drying 
tube ; the potash apparatus should be slightly inclined by placing 
a cork under the end of the horizontal portion nearest the open 
extremity. Matters being thus arranged, the next process is to 
ascertain if the whole be tight, and for this purpose the air in the 
large bulb is to be gently heated so as t€-^?!^el a few bubbles ; if, on 
cooling, the liquid rfsenn the Ihad?* aHtt^si^jintain its elevation 
steadily for a few minutes, the combustion may safely be begun. 
Charcoal broken into pieces about the size of a walnut is to be 
ignited, and applied to thtj portion of the tube nearest tlie cork, 
where the pure oxide of copper lies : the action of the heat is 
limited by a double sheet-iron screen which tits into the furnace, 
and has a central slit which allows it to be^triclc tlitf tube ; this 
screen can by degrees be moved further and further down the 
furnace until the whole -tube is heated. An additional screen of 
single iron plate is hung over the closed end of the furnace to protect 
the cojk, care being taken that the heat never rises so high as to 
scorch it, or falls so low as to allow of the condensation of mois- 
ture in the portion of the retort which projects from the furnace. 

When the fore part of the retort is red-hot and the escape o^ 
air due to expansion has ceased, about an inch more of it may be, 
heated; and in this way the fire is gradually carried down. At first 
but a small portion of the gas is absorbed, but when the substance 
is fairly undergoing decomposition, and the atmospheric air in the 
apparatus has been expelled, the gas is almost entirely taken up by 
the potash-ley. When the whole tube is ignited, the heat must be 
continued till bubbles are no longer disengaged ; the potash-le^ 
will* now gradually recede into the large bulb ; when this is 
observed to commence, the charcoal must be removed from the 
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tail of tlie tube ; and as soon as the solution of potash has risen 
sufficiently to fill half the large bulb, the tip of the tail must be 
nipped off; gentle suction is then to be effected by means of a tube of 
vulcanized caoutchouc, which is to be fitted to the free extremity of 
the potash apparatus, and air drawn through the combustion tube 
by the mouth, in order to displace the carbonic acid and aqueous 
vapour which the apparatus contains. Dumas prefers to connect 
the extremity of the retort with a drying tube, and this again with a 
receiver eontainingr/ oxygen, which gas is carefully driven over the 
contents of the tube in the manner shown in fig. 244, part ii. This 
renders the operation somewhat more complicated, but it is umfues- 
tionably more exact, especially for compounds where the proportion 
of carbon is great. The tube for supplying oxygen is easily adjusted 
to the retor^ by drawing out the tail horizontally instead of 
obliquely, and fitting it on by a caoutchouc connector, care being 
taken to screen the junction from the influence of heat. 

The ai)paratus is now to be dismounted, and allowed to cool : in 
about an hour the dryin^g tube e may be weighed; oife-ninth of 
the gain which it has fenced indicates the quantity of hydro- 
gen contained in th(^ ^ornpomffl analysed;* the potash apparatus,/, is 
also to be weighed, and three-elevenths of# what it has gained shows 
the quantity of carbon. The deficiency is reckoned as oxygen. 

^ The oxide of copper used in these ^experiments may again be 
rendered serviceable by moistening it witli nitric acid, and igniting 
it as before. 

2. Analysis of a liquid not containing nitrogen, 

(905) If the liquid be volatile, a piece of tube rather less than a 
quarter of an inch in diameter is to be heated in the blowpipe flame, 
and drawn out into a capillary portion, a, (fig. 329,) about four inches 
long : about a quarter of an inch below this the tube is to be sealed. 

Fig. 329. ' 


and the little piece of tub(^Z», thus left connected with the capillary 
part, heated and blown imo a smalFbulb about as big as a good- 
sized pea ; this is to be cut off, leaving a capillary neck of about two 
inches long. Having made a sufficient number of these small 
t)ulbs, two of them, which it has been ascertained will freely enter 
the combustion-tube, are to be accurately weighed ; a little of the 
liquid to be analysed is to be put into a small tube, and the capillary 
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neck of tlie bulbs inverted into the liquid ; the bulbs are then to be 
warmed by the flame of a spirit-lamp, so that on cooling they 
shall be aliout three-fourths filled with the liquid. The necks are 
now to be sealed by the blowpipe-flame, and the bulbs again wedghed ; 
the increase of weight gives the quantity of tlie liquid wliich has 
entered, and which is to be analysed. The oxide Qf* copper having 
been heated, and allowed to coot with the usual precaift-ions, alx)ut 
an inch and a half of the retort is to be filled with pure oxide ; iic^t 
a file is to lie drawn across tlie capillary neck^of one of the bulbs, 
and the bulb having been jdaced in the retort, the neck is to be 
broken by pressure against the glass, and the broken portion of the 
neck to be dro])ped in with the bulb ; dried oxide of copper is then 
to be poured in to the depth of two inches more; the second bull) 
is to be introduced the same manner as the first, and the tube • 
is to be filled up with oxide; after which it is to T)e corked and 
struck smartly on the table as before, to secure free air-way. Tlie 
combustion-tube is now to be adjusted in the furnace as bt^fiire, 
and the first half of the tube is fb be gradually heated ; when this 
is red-hot, the liquid must be volatiliy7\[ by cautiously approxi-* 
mating a piece of ignifecbeharcoal to^tjie pwrl^of the tube where the 
first bulb lies, taking especial care not to heat the tul>e too much ; 
when by degrees all the liquid in the first bulb Inis been cx])ellcd, 
the other is to be proceeckxi with in like manner ; the whole tube • 
is finally to be heated carefully, and the gases arc to be swept out 
of the apparatus in the manner already described. 

Substances which contain a great excess of *carboit sometimes 
escape complete combustion by the a])ovc process ; Avhen this is' 
feared, the plan of Dumas, already mcnti(Hiod, may be adopted ; 
or some finely pulverized, carefully dried chlorate of potash, may 
be mixed with about four times its weight of oxide of copper, and 
the portion of the retort near a may be filled with it for about an 
inch ; the tail-like prolongation may in this case be dispensed with ; 
at the close of the operation, instead of sucking air through the 
apparatus, heat is to be very cautiously applied to the chlorate ; by, 
this means oxygen is evolved ; this burns the last traces of carbon 
and displaces the gas and aqueous vapour contained in the tubes. 
The heat must not be too suddenly applied, or a portion of the 
chlorate is apt to be carried forw^ard mechanically, a circum- 
stance which constitutes the chief objection to its use. 

In some cases chromate of lead may be advantageously substf- 
tuted for oxide of copper with substances difficult of combustion, 
since by a bright red heat alone it gives off a portion of its oxygen. 

PART III. c 
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It is easily prepared by precipitating the chromate or bichromate of 
potash with a solution of acetate of lead. It should be well washed 
and heated to incipient fusion before it is used for analysis. It 
has the advantage of being much less hygroscopic than the oxide 
of copper. In some cases it may be mixed with bichromate of 
potash, which pq^rts with oxygen by heat more freely than the lead 
salt. ** ' ' 

3. Analysis of a body containing nitrogen, 

(906) The presence of nitrogen in an organic compound is ascer- 
tained by mixing a small quantity of it with a portion of hydratf, of 
potiisli, and lieating it in a small test tube : vapours of ammonia 
will be evolved if nitrogen be present. Two separate analyses are in 
this case required ; the first, to discover the p roportion of carbon 
and hydrogen , and the second expressly for the nitrogen. When 
bodies containing nitrogen are burned with oxide of copper, a 
variable proportion of the lower oxides of nitrogen is formed, which 
being retained l)y the chloride of calcium, or by tlic potash, w^ould 
-render the analysis ineoyect. A precaution is therefore employed 
which renders it necessary to^ipake use o1[ a retort-tube somewhat 
longer than comrnoh ; this tube is to be charged as usual to 
witliiii 4 inches of tho opening, and then filled up with clean 
copper turnings; the apparatus is to be arranged as before 
directed, the copper turnings brought to full redness, and the 
analysis is to be cautiously conducted in the ordinary manner. As 
the oxides qf nitiogen pass slowly over the ignited copper they 

.arc decomposed, the oxygen combining with the copper, while 
pure nitrogen escapes : the quantity of carbon and hydrogen is 
jl(dcrmincd exactly in the maimer previously described. 

(907) Method of Varrentrapp and Will , — The most accurate 
method for ascertaining the proportion of nitrogen is that devised 
by Varrentrapp and Will; the fundamental fact upon which this 
method is based, consists in the observation of Gay Lussac, that 
tW^iien azotised matters are heated with a large excess of hydrate 
*bf potash or of soda, the whole of the nitrogen is expelled in the 
form of ammonia. In order to render it available for the pur- 
poses of analysis, the snbjoJhed precautions are requisite. 

A mixture of two parts of quicklime and one of hydrate of 
soda is prepared by slaking some well-burned lime with the neces- 
sary quantity of a solution of soda ; the whole is evaporated to 
dryness and ignited ; the dry mass is pulverized as quickly as possible, 
and then transferred to well-closed bottles, in order to exclude 
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carbonic acid and moisture. The substance is then mixed in a 
warm mortar, with alkalized lime instead of with oxide of copper : 
the accidental presence of a little moisture, after the weight of the 
material for analysis has been accurately determined, is of no 
consequence in this case. 

Having introduced the mixture into the rotort tube, it is 
better to plug the aperture loosely with a few fibres^of asbestus 
(which has been ignited Ifust before) to prevent any mechanieal 
transport of the mixture into the apparatus* through which the 
gases are passed ; on applying heat to the combustion- tube in the 
ordinary way, and with the usual precautions, the substfincc is 
decomposed, and the whole, of the nitrogen escapes as ainmoina. 
The drying tube and potash apparatus are dispensed with, and the 
ammonia is eollectd!! Ijy attacliing a bulb-tube of the form repix?- 
sented at /,hg. 330, air tight, with a good cork to the retort-tube, a; 
the bulbs f having been previ- 
ously charged j\’ith hydrochloric 
acid, (sp.*gr. 1*1.) Pure hydro- 
chloric acid is easily procured 
for this purpose by (fili:rt;ing the 
ordinary acid of the slices till it 
has a sp. gr. of n, and distilling 
it in glass vessels ; the first* eighth 
may be rejected, and the dis- 
tillation proceeded with until 
three-quarters of the acid em- 
ployed have passed over. It is 
better for the operator always to 
rectify his own acid, in order to 
be quite sure of the absence of 
any trace of ammonia. The 
tube connecting the bulbs should 
be somewhat larger in diameter 
than that of the ordinary potash 
apparatus, in order to allow the liquid to be poured out readily. 
When the operation is complete, £d)sorption will take place, 
and the liquid will rise in the bulb nearest the fire; at this 
moment the tail of the combustion-tube should be nipped off, and 
air carefully drawn through the apparatus in the usual waj. 
When the combustion has terminated, the contents of the bulb-tube 
are to be emptied into a small evaporating dish, and the bulbs 
washed out first with a mixture of alcohol and ether, and afterwards 
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several times with water ; some solution of hichloride of platinum 
is to be added; and the whole evaporated to dryness in a water-bath 
or a chloride of calcium bath ; when dry, it is to be digested with a 
mixture of two parts of alcohol, sp. gr. 0-833, and one of ether, 
which dissolves tlie excess of bichloride of platinum, and leaves the 
double cliloride of platinum and ammonium in a crystalline form. 
This must iiow be brought upoii a weighed filter, and washed 
repeatedly with the mixture of two paits of alcohol and one of 
ether until nothing ^further is taken up ; the precipitate and filter 
must be dried by a water heat, and the weight accurately observed ; 
220*52 grs. of the ammonia-chloride of platinum are equivalent to*i4 
grs. of nitrogen. Instead of collecting the ammonia in hydrochloric 
acid, it may be condensed in a certain volume of dilute sulphuric acid 
of known strength (about 350 grains of an acid ‘of which 100 grains 
will neutralize 2*5 grains of ammonia, will answer the purpose). 
The acid liquor is then to be washed out of the bulb /, diluted, and 
carefully neutralized by a solution of caustic soda, the strength of 
whicli has been accurately graduated. ’ 

(908) Method of Dumas , — The foregoing method of deter- 
mining nitrogen ans\}Q»*s‘ for all cases excepting those in which it 
occurs in the form of nitric acid, when it /nust be determined by 
volume, and its weight thence deduced. For this purpose the 
process of Dumas is the most trustwofthy : — A retort tube of 
about twenty inches long is employed, not drawn out into a tail, 
but scaled with a rounded extremity ; about two inches of the 
tube are filled with bicarbonate of soda, and then the mixture 
with oxide of copper is added and covered as usual with a layer of 
pure oxide; beyond this the last two or three inches of the tube are 
filled with clean copper turnings, as already directed, with a view of 
decomposing any of the oxides of nitrogen which may be formed. 
The retort tube is then connected with a three-legged apparatus 
of brass or copper (Fig. 330, b), one limb of which is furnished 
with a stop-cock, c. The connexion with' the retort tube a is best 
Viade by passing a piece of glass tubing through a cork fitting 
accurately into the mouth of the tube a, and connecting the brass 
apparatus to this small glass tube by a caoutchouc connector, d ; 
the third limb is fastened by a similar joint to a glass tube e, bent 
at right angles near one end, with a straight portion upwards of 
thirty inches long, the other extremity of which is turned up at 
afi acute angle for the convenience of safely delivering the gas: this 
tube is placed in a vertical direction with its lower upturned 
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extremity dipping into a small mercurial trough ; the stop-cock 
tube, c, is connected with an exhausting syringe, by which a vacuum 
is produced ; the apparatus is left for half an hour to ascertain that 
all the joints are tight: if the mercury after this lapse of time still 
stands at the same level, the experiment may be proceeded with, and 
a moderate heat is applied by a^ spirit lamp at the end of the retort 
containing the bicarbonate; by this means carbonic acid is set free 
and displaces the last portions of air ; the exhaustion and the dis- 
engagement of gas are repeated alternately three or four times, care 
being taken to leave sufficient bicarbonate undecomposed to renew 
this expulsive process at the termination of the experimenf. The 
stop-cock, c, is now closed, the air-pump is removed, and a gradu- 
ated jar containing some solution of potash is inverted in the 
mercury over the recurved extremity of the long glps tube. The^ 
copper turnings are then brought to redness in the usual way by 
means of a charcoal fire, the decomposition being caused to take 
place less rapidJy than usual. "VPien the part of the retort contain- 
ing the matter for analysis is red-hot through its entire extent, heat 
is gradually applied to the carbonate at the end, and the last por- 
tions of gas jfurnished liy the combustion ane driven into the re- 
ceiver by the carbonic acid disengaged from the bicarbonate of soda. 

Since the products of the combustion are only water, carbonic 
acid, and nitrogen, the two former are retained by the solution of 
potash) whilst the latter alone presents itself for measurement. 
When the apparatus by standing for an hour gr two has reached 
the temperature of the atmosphere, the height of the barometer^ 
and thermometer must be carefully noticed ; and since the gas will 
be saturated with moisture, its volume must be corrected by the 
known methods for the three points of temperature, pressure, and 
moisture : then, since loo cubic inches of nitrogen at 6o° F. and 
under a pressure of thirty inches of mercury weigh 30*15 grains, 
the weight of the nitrogen that a given quantity of the matter 
analysed contains is easily determined. In this process, as in 
every case where the proportion of nitrogen alone forms the object 
of the experiment, after the weight of the material for analysis has 
been once accurately determined, it is evident that there is nothing 
to fear from a slight absorption of moisture. 

(909) Occasionally the quantity of nitrogen, where large, is 
advantageously determined by making the combustion just as 
though we were going to ascertain the proportion of carbon and 
hydrogen; but, instead of condensing the carbonic acid and 
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weigliing it, tlie whole of the gases produced are collected over 
mercury. A bent gas-delivering tube Fig. 330, is substituted 
for the usual apparatus, for the absorption of water and carbonic 
acid. In this case it is best to begin at the closed extremity of 
the tube, and liaving expelled the atmospheric air by a portion of 
gas generated from the substance, to collect the rest of the gaseous 
products in a graduated jar ; by agitating the gas with a solution 
of^ potash the proportion of nitrogen to ^le carbon is at once deter- 
mined, since equal c/olumes of carbonic acid and nitrogen gases 
represent single equivalents of carbon and nitrogen. It is not neces- 
sary in'’this case to determine accurately the quantity of material 
acted upon. 

Experience has shown that in tlie preceding process for organic 
‘'analysis, the ^ quantity of hydrogen deduced from it is always 
slightly in excess, usually about 0*2 parts in 100, whilst, unless 
chromate of lead or chlorate of potash be employed, the carbon is 
sometimes deficient to the same fxtent. A deficiency of carbon 

also occurs if the ash contain alkaline or earthy carbonates. 

% 

(910) Determination of Sulphur and of ^Phosphorus . — One of 
the methods cmploy^ct for a^ertaiiiing the amount of unoxidized 
sulphur in an organic compound, consists *111 mixing the substancq 
for analysis with 10 parts of nitre, 2 of dried carbonate of so4ai 
anfl 30 of pure chMlridc of sodium, and heating the mass to redness 
in a tu])e of hard glass. The sulphur is thus converted into sul- 
phuric acid, which enters into combination with a portion of the 
^alkali. The object of adding the chloride of sodium is simply to 
moderate the violence of the deflagration. The residue is to be dis- 
solved in water, rendered slightly acid with hydrochloric acid, and 
the sulphuric acid precipitated by the addition of chloride of barium. 
If phosphorus be present, it will remain in the acid liquor in the 
form of phosphoric acid. Its amount may be determined by 
adding sulphuric acid to throw down thc«excess of baryta, filteiing, 
^supersaturating with ammonia, aneWdding an ammoniacal solu- 
tion of sulphate of magnesia ; the phosphoric acid is precipitated as 
the double phosphate of magnesia and ammonia, and is to be col^ 
lected and ignited in the usual manner. When a large quantity of 
sulphur is present, part of it becomes converted during the process 
of combustion w ith oxide of copper into sulphurous add, 

'^ould be condensed with the carbonic acid, and would thus occiu 
sion an error in the determination of the carbon. This source of 
error may- be avoided by interposing a short tube filled- with per- 
oxide of lead between the tube of chloride of calcium and the 
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potash bulljs ; the sulphurous acid is then arrested and cotiverted 
into sulphuric acid, and is retained as sulphate of lead ; PbO.^ + 
SOg becoming PbO, SO3. 

(91 j) Determination of Chlorine, Bromine, and Iodine, — When 
the quantity of chlorine, or of any other halogen is to be estimated, 
the substance for analysis is to^ be mingled with about 1 o times its 
w(3ight of lime, and is introduced into a tube of Bohemian glass 10 
or I a inches long, and sealed at one end. The tube is to be filTed 
up with fragments of pure lime, which is gradually brought to a red 
heat, commencing at the open extremity. When the combus- 
tion is complete the tulje is corked, its outer surface 'cleared 
from ashes, and whilst still hot it is plunged into a beaker of cold 
water. It is thus cracked, and its contents arc then treated with 
nitric acid, and the chlorine, iodine, or bromine is precipitated from* 
the filtered liquid by means of nitrate of silver. 

(912) Calculation of the equivalent of an organic body , — 
We will suppose the labour cjf analysis thus brought to a suc- 
cessful issue. It is evident that the information derived fronj 
this source alone is ljut scanty, for it furnishes no idea either of 
the number of equivalents of each element* entering into the com- 
position of an organic body, or of its relations to the substances 
•concerned in its production or obtainable from it by its decompo- 
Mtmx, Whenever it is possible, the equivalei#or combining pro- 
jiprtioii of the compound must be determined. This is effected by 
preparing a compound of the body with some ^substance the equi- 
valent -pf \^hich is well known, and proceeding to analyse the nc\^ 
product. If the organic substance be soluble in water, and capable 
of entering into combination with oxide of silver, this oxide is for 
many reasons to be preferred. Oxide of silver combines with many 
organic bodies, and foiins with them compounds insoluble or 
but sparingly soluble in w ater ; and they may generally be formed by 
double decomposition, ^nd washed from all adhering impurities. 
Supposing a silver compound to have been prepared in a stator of 
purity, 15 or 20 grains of it are to be accurately weighed in a counter- 
poised porcelain crucible. It is then to be* carefully incinerated till 
pure silver alone remains. On again weighing, the loss will give 
that of the body combined with the silver, and in addition that of 
one equivalent of oxygen expelled from the oxide of that metal at 
a red heat. The residual silver should be soluble without 
remainder in nitric acid. From the weight of thp metallic silver, 
the equivalent number of the organic body that had combined 
with it may be readily calculated. 
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An example will best explain the method of proceeding : — 

4873 grs. of acetate of silver left 
31*49 grs. of metallic silver. 


17*24 will therefore express the loss, due to the united weight 
of acetic acid and oxygen combined with silver; then 

^1 eq. silver. 

- 31-49 : I J08 : : 17-34 : x (=59) 

~ ylcq. oxygen. ^ 

39 ~ I 8 =51, the equivalent number of acetic acid. 

Another example will show the method of calculating the 
number of equivalents of each element in the compound : — 

By combustion with oxide of copper It is found that lo grs. 
^pf acetate of silver yield 

». 0 rains. 


5*277 grains of carbonic acid 
• 1*620 grains of water 
And (from previous expt.) . 
The deficiency .... 


= 1*439 carbon 
= o* 1 80 hydrogen 
6*462 sili:cr 
= 1*919 oxygen. 


, 4 . ■ 10*000 
Then by [iroportion — ' 


Silver. Eq. silver. C Carbon. 


6*462 

J^8 : 

: X i’439 

: 1 g*i8o 

? Cxygi'u. 

(= 24 ); 

or 

C4. 

6*462 : 

J08 : 

*■ (= 3 )^ 

or 

II, r 

6*462 " : 

108 : 

; 1 r9'9 ^ 

; X ( = 32), 

or 

O 4 . 


Total =59 

deduct 1 equivalent of oxygen . . 8' 


and we obtain the equivalent of 
anhydrous acetic acid . , . 

f 

In some cases the required compound with silver cannot be ob- 
tained : a salt of lead is then, if practicable, substituted for it. The 
residue after incineration in this case docs not consist entirely of 
metallic lead, neither is it all oxide of lead. In order to determine 
the proportion of each, the residue is carefully weighed and treated 
w\th acetic acid in the crucible itself ; the oxide of lead is thus 
dissolved and washed away. When the contents of the crucible 
have been carefully dried, a second weighing gives the quantity of 
metallic lead, whilst the loss furnishes that of the oxide. From 


51, or CJI3O3 
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the metal the quantity of oxide to which it is equivalent may be 
calculated ; this added to the portion dissolved by acetic acid fur- 
nishes the whole quantity of oxide contained in the compound : 
a calculation similar to that employed for the silver salt^ thbn 
supplies the equivalent number of the body analysed. This method 
is not quite so accurate as the jircceding ; it iiivoTves jnore mani- 
pulation, and the corapom^s of lead are apt to undergo slight loss 
by volatilization at a high temperature. 

It would be out of place here to enter* in detail into the 
methods of checking the correctness of an analysis in its various 
parts. For information upon this point the readpr is referred to 
Liebig^s Handbook of Or (f attic Analysis. The subject is an im- 
j)ortant one, and it js not always sufficiently attended to by those 
Avho devote themselves to analytical researches of this description. 

Classification of Organic Compounds. 

(913) The classification of the immense variety of compounds^, 
that are presented to the chemist, either naturally by the organs 
of the living vegetable or animal, or that aYe derivable from the 
bodies so obtained by tlfb employment of chemical reagents, may 
be eflected upon two priiipiplcs. The first of these, which rests 
qpon analogies of function (according to which It^dies arc arrarigsjd 
under the lieads of acids, bases, &c.), might seem to be the more 
natural, but the second, which is based on the chemical relations of 
the difierent compounds, is the truly philoso])hical system. The , 
first method of arrangement was the only practicable one in the 
infant state of the science, and it still pre.sents certain advantages 
to the student in the early stage of his career; but the second 
will eventually supersede the former, as it greatly facilitates the 
important study of the true analogies of the different compounds 
with each other. The time is approaching when, to use the- words 
of Gerhardt, organic chemistry, awarding to physical characteis 
and chemical functions but a secondary importance as means of ' 
classification, must rest upon some wider principle which is applicable 
to all substances, whatever may be their physical characters and 
their chemical functions. After having studied bodies in relation 
to the metamorphoses of which they are susceptible, she must 
group together those which are derived one from the other y anc^ 
when she has thus arranged a certain number of groups, or of 
series, she must inquire whether amongst the bodies which these 
groups embrace, there be not some which have a higher degree of 
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reseml)lance to each other than they have to the other combina- 
tions of the same group, and which consequently produce in a 
manner more or less complete, combinations belonging to the same 
type. Passing, then, from the comparison of these different terms, 
to the comparison of the different groups taken collectively, she 
discovers new analogies, she fimjs recurring groups or parallel 
series; anS from this parallelism she at length deduces some 
general formula, which sums up the constitution and the meta- 
morphoses of the entire collection of groui)s or of serics.^^ — Traiti 
de Chirtde Organiijue^ i. 122. 

Since, however, the true relations of a great number of bodies 
to each other have been as yet only imperfectly traced, the most 
devoted admirer of a strictly chemical classification, is obliged to 
make a large appendix of unclassified bodies, and to bring into 
the more systematically arranged portion of his subject many sub- 
stances wliicli have a very questionable title to the place accorded 
to^ them ; moreover, a rigid adherence to such a principle of classi- 
fication, M ould lead to the s(q)aratioi) of bodies Mdiich in their appli- 
cations and in general proj>crties are closely allied. We shall, 
therefore, here, as in ‘other portions of the present MX)rk, be guided 
rather by considerations of convenience than by the rigid require- 
ments of system ; and shall endeavour to select such a method of 
arrangement as shall most facilitate the progress of the student. 

In the present work, the various compounds of organic 
chemistry will lie examined in the following order : — 

1. Sugar, starch, and ligneous fibre. 

2. Alcohols, ethers, aldehyds and their derivatives. 

3. Amides and organic bases. 

4. Certain organic acids of vegetable origin. 

5. Fats, fixed oils, and the fatty acids. 

6. Essential oils and resins. 

7. Colouring matters. 

8. Products of destructive distillation. 

9. Cyanogen and its derivatives. 

30. Nitrogenized principles of plants and animals, 
ji. Certain products peculiar to animals. 

(914) Classification in Homologovs series, — It will, however, be 
advantageous to illustrate more fully the principle of the chemical 
^classification by means of a few examples. This purpose may be 
answered by examining the relations of alcohol or spirit of m iue to 
other bodies whieh roe^emble it. 
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I. Alcohols,— klaohol or spirit of wine is tlie most important 
member of a group of compounds which manifest a close analogy 
with each other, both in chemical composition and in the decom- 
positions of which they are susceptible. In the following table 
the composition of the different bodies which may be classed 
under the generic term of alcol^fds is exhibited ; — * 




Roiling Point 
°F.* 


Wood Spirit 
Alcohol 

Tritylic orPropylit^ Alcohol 
Tetrylic or Butylic Alcohol 
Amylic Alcohol (fousel oil) 
ITexylic or Caproic Alcohol 
Laurie Alcohol .... 
Cotylic Alcohol (EthaljP . 
Ccrylic AlcoJiol .... 
Meiissic Alcohol .... 


a 11 , 0 ., 

or 

Ch Ho Go or 
Oh 111 A or 
0,„HiA or 

CM\ or 
C,,H,A or 

C.1..H34O0 or 
C;jl,A or 
or 


•+ 

aiTjOj + 

c n/), + 
+ 
+ 

CJl/)„ + 

c:h,o; + 
c:h ,o„ + 
c;u.,o; + 


1 499 

(C, 1 I,) I 73 -I 

2 (C,Ho) 205 

3 (CCh;) •226 (P) 

4 (C3IL) . 269-8 

5 (O2H2) } 300 (?) 

II (an.,) 

15 (O2H,) 

26 

29 (c;ii:,) 


Now, on inspecting the formulae of the alcohols contained 
in the foregoing table, it will be seen that each of the first six 
compounds contains two equivalents of carbon find two cquivalcnt!ri» 
of hydrogen less than tjic compound immediately beneath it : so 
that each may be regarded as a compouncf analogous to wood 
spirit, but containing a certain additional number of equivalents of 
the carbo-hydrogen (C2HJ). Bodies which stand thus related to 
each other, fu* wliich difier by an even number of equivalents* of 
(CH) are said to be homologous. Wood spirit and fousel oil, as 
well as ethal and ccrylic alcohol, arc termed ^lomologues of wine 
alcohol. Tliese different compounds may be represented under a< 
common formula, viz., (C,Jl„,.2) O,] where 

71 represents 2, 4, 6, or any even number. The boiling point of 
these homologou.s bodic yill be observed rises with each addi- 
tional increment of CalJ., by about 33® F. 

(915) Classification in Heterologous or Collateral Series. — But 
this principle of classificjftion admits of extension in other direc- 
tions. Every compound in a homologous series when subjeettSd# 
to the action of chemical reagents furnishes other compounds,^ 
differing in composition from those from w^hich they arc obtained, 
but yet bearing a definite relation to them. Thus alcohol yields 
under various circumstances ether, aldehyd, acetic acid, &c.; and 
these heterologous or differently constituted bodies belong to col- 
lateral, and intimately related, but different series. For it is found 
that the different members of a homologous scries exhibit an 
analogous deportment when submitted to similar chemical reagents, 
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and furnish derivative series in which the homology is still pre- 
served. We may exemplify the formation of these collateral series 
in the derivatives obtained from the alcohols. 

Vmic Acids . — When ordinary alcohol is mixed with an 
equal weight of strong sulphuric acid, a large portion of the alcohol 
and of the acW unite and form a new compound acid termed 
sulpho-vinic or sulph-ethylic acid C4H5O, % SO3 ; two equi- 
valents of sulplmric acid uniting with the elements of 1 equivalent 
of alcohol, whilst iwo equivalents of water are liberated. Now 
wood sj)irit, fousel oil, and each of the other alcohols, when similarly 
treated furnishes a compound perfectly analogous to sulph-ethylic 
acid, as is represented in the following tabic : — 


Sulphomothylic Acid He), Cg H, O, 2 SO3 

Sulphctlcylic (Siilphovinie) Acid . . . . HO, C.^ O, 2 SO3 

Siilpliotritylic Acid HO, Cg 11- O, 2 SO 3 

Sul photo try lie Acid HO, C,, Hp O, 2 SO3 

Sulpliamylic Acid * HO, CjoH^O, 2 SO, 

&c. nfeC. 

the general formula for 'hesc vinic acids being [HO, 

0,2803.] 

3. Ethers , — If si dpbo- vinic acid, ore if a mixture of equal 
volumes of sulphuric acid and of alcohol, be exposed to heat in a 
retort and distilled, a volatile liquid wffich has been long known 
under the name of ether passes over ; and a similar body jnay be 
obtained from thc^ other alcohols. The composition of these dif- 
ferent bodice is such that they all admit of being represented by 
formulje which contain the same elements as the alcohols which 
yield them, minus 1 equivalent of water, thus : — 


(CuHn+dO 

Methyl ic Ether Cg O 

Vinic (or ordinary) Ether . C4 H5 O 
Propylic (Tritylic) Ether . . Cg H; O 
Butylic rPetrylic) Ether . . Cj, Hg 0 ^ 
Ainylic Ether 


(C«Hn + jO, -j-CwHrt-f jO) 

or 2 (Cg H3 O) 

or 2 (C4 Hg O) 

or 2 (Cg H- O) 

or 2(C«HgO) 

or 2 (CigHiiO) 


"^tlie general formula for these ethers being (C^H„+i) O ; conse- 
quently they may be regarded as being ^derived from the alcohols 
by the abstraction of 1 equivalent of water ; for instance — 

Alcohol. Ether, 

HO — HO = 


or generally [(C,H„^,) O, HO]— HO = (C,H,+,) O. It is, 
however, more probable, as will be shown hereafter (986), that they 
are formed not from i equivalent, but from 3 equivalents of alcohol. 
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by the removal of % equivalents of water ; % + i) 0, IIO j 

_2H0 = 2 [(C„H,^,)0.] 

4. Hydriodic and other corresponding Ethers. — The ethers in 
their turn admit of the displacement of the oxygen Mliicli they 
contain by chlorine, bromine, or iodine, producing a number of 
bodies analogous to each other. Thus, if alcohol be tre^ated with 
hydrochloric, hydrobromic, or liydriodie acid, instead flt‘ with sul- 
phuric acid, water is separjfted, and chloride, bromide, or iodide 0f 
ethyl is formed: CJIAd - 111 = 0411,1 + 2IIO.. 

The following table exhibits the analogy and the homology of 
these compounds 



Chloride. 

Rroniido. 

Iodide, 

Methyl compounds . 

C.,H .,01 


aiTj 

Ethyl do. . 

C.H.Cl 

C 4 ll 5 Br 

C,U,I 

Propyl (Trityl) do. . 
Butyl (Te 1 j*yl) do. . ^ 
Amfl do. . 

ChII.,C 1 

C.„ 1 T„C 1 



&c. 

f 

&c. 

&c. 

&c. 


In the preceding table several blank spaces appear, the com- 
pounds corresponding to them not having been formed as yet, 
though there is no doubt that they could be obtained without 
difficulty. 

5. Hydrocarbon radicles of the Ethers.— iodide of 
ethyl is sealed up in a strong tube and heated to about 300^ F., in 
contact with metallic zinc, iodide of zinc and a quantity of a 
peculiar hydrocarbon (C4IT,) is set at liberty. This substance has 
been termed ethyl, and has been regarded as the basis of ether, 
which has the compositiun of an oxide of this hydro-carbon. By 
analogous means the radicles of several of the other ethers have 
also been isolated. The general formula of these compounds may 
be represented as or as (C^Il^^ i, ; thus — 


Methyl . . . 
Ethyl . . . 
Propyl (Trityl) 
Butyl (Tetryl) 
Amyl . . . 


: C,H3 


or 

— or (C 4 

!Not isolated 
= CJL or (C,IT. 
= CioHii or 


3. C3H3) 

5, w 


6. Homologous Hydro-carbons of the /orm(C^HJ. — If alcohol be 
treated with three or four times its volume of sulphuric acid, or* 
with anhydrous phosphoric acid, and be distilled, it loses the 
elements of two equivalents of water instead of one equivalent 
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only, and a gaseous compound of carbon and hydrogen, which 
constitutes olefiant gas^ is liberated. A similar hydro-carbon may 
be obtained from each of the other alcohols : for example — 

Alcohol. Oleft. Gas. 

cSa - 2 ho = cS; 

and generally, 

(CA^,) 0,-2 HQ = (C„HJ 

C,.H„ or H 

Motliyleno Oj or Cj JI, H 

.Ktliylcue (Olefiant Gas) . . . . C4 H4 or C4 H3, H 

Propylene (Tritylene) Cg or Cg H,, H 

Tetrylene (Oil Gas) Hjj or C^, H7, H 

Amylenc or CioH,„ H 

7. Aldelilfds . — If alcohol be distilled witfi oxide of manganese 
and dilute suljihuric acid, or with other oxidizing agents the 
oxidating influence of which can be applied with sufficient slow- 
ness and regularity, a very volatjile liquid may be obtained (971), 
wliicli contains the elements of alcohol, minus a equivalents of 
hydrogen. This substance is known as aldchyd. By similar 
means corresponding » compounds may bef obtained from the other 
alcohols, these aldehyds possessing the » 


General Formula. (C„II„) 0 ^^ 


Formic Aldchyd .... Co IT^ Oo 
Acetic Aldchyd . . , . C4 H4 O.^ 
Propionic Alqohyd . . . Cg Hg Oj, 
Butyric Aldchycl (Butyral) Hg Og 
V aleri c Aldehy d ( V aleral) . CjoH igOg 


or HO, (C„H„-i) O 


or HO, Cg H O 

or HO, C4 mo 

or HO, Cg H ;0 

or HO, Cg mo 

or HO, C10H9O 


the action of 2 equivalents of oxygen upon i equivalent of an 
alcohol is to convert it into an aldehy d, with the removal of 2 
(xiuivaleuts of water ; thus 


Alcohol. Aldchyd. 

CjioOa + 0 , = CAO, + 2 HO ; 
^nd, generally, (C„II„ + ,) Oa+Oa=(CA) 0^ + 2 HO. 


8. Honioloff(^ Volatile Acids . — The aldehyds are neutral 
substances, but they rapidly absorb 2 equivalents of oxygen from 
the air, and thus become converted into powerful hydrated acids, 
the Mneral formula of these hydrates being, HO, (C„H„_j) 0 , 
or (C^l„)04. These acid compounds are therefore derived by a pro- 
cess of oxidation from the alcohols ; the formation of the aldehyd 
being the intermediate stage in their production : 4 equivalents 
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of oxygen, by acting on i equivalent of an alcohol, convert it into 
one equivalent of the hydrate of a corr^onding volatile acid, 
whilst 2 equivalents of hydrogen are eliminated in the form of 
water. Thus ; — 

Alcohol. Acetic Acid. 

+ 04 = + 3 HO, . 

and generally 

+0, = (CJU o, + 2 HO. 

The volatile fatty acids belong to this series which is indeed 
more complete than that of the alcohols. A considerable number 
of these acids exist in many of the vegetable and animal fat*s and 
oils; but chemists have not as yet succeeded in obtaining a 


general method of reconverting the fatty acids into alcohols, 
tliough the alcohols are readily converted into tlieir corresponding 
acids. The more important of these acids are the following : — 

General Formula = HO, (C„H„ -i) O3 or (C,JI„) 0 ^ 

Formic Held . 

... HO, C, II O3 

or 

O5 H„ O4 

Acetic . . 

. . . H0,C;H,03 

or 

cA^o, 

Propionic . . 

. . . HO.C.HjO, 

or 

1I„ 0, 

Butyric . , 

. . r H0.C„H,0, 

^ tfr 

c, KIs 0,, 

Valerianic 

. . , HO.C,„H,, 0 ,, 

or 

(■’.,.H,„0, 

Caproic . . 

• • • ho,c,ji,a 

or 

C,JI.20, 

(Enantbylic . 

. , . H0,c„n,30, 

or 


Caprylic . . 


or 

C.„1I.„0,, 

Pelargoiiie . 

. . . H0.c,3HA 

or 


Capric or Itutic 

. . . ho,C 3 .,h,a 

or 

^'soIIaoO, 

Laurie . . . 

. . . HO, 

t 

or 

C,Jl3,0, 

Myriatio . . 

. . . HO,C.,HA 

or 

C.,,Il3,0,, 

Palmitic . . 

. . . HO, C.,,H„ 0 , 

or 

t':«H3„0, 

Stearic . . . 

. . . ho,c;;h;a 

or 

Car,H:,„0, 

Cerotic . . \ 

. . . HO.C^JIA 

or 


Melissic . . 

. . . HO,Ce„UA 

or 

C„„H„„0, 


Each equivalent of acid corresponds to 4 volumes of vapour, and 
requires i equivalent of base for its saturation. 

This group of acids, wliich is one of the most complete of tli^ 
homologous series, illustrates in a very interesting manner the 
general similarity in properties which always exists in homologous 
bodies. This statement may appear paradoxical when the extreme 
terms of the series are compared together, since formic acid is an 
exceedingly pungent corrosive volatile liquid, which requires cooling 
below 3 a®, in order to render it solid, and it is miscible with 
water in all proportions ; whilst melissic acid requires a tempera-* 
ture of for its fusion, is insoluble in water, and has the pro- 
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parties of a fat : but if we compare together the contiguous terms 
of the scries, such as the formic with the acetic, the acetic with 
the propionic acid, andl!) on, no abrupt change in properties will be 
perceived between the contiguous terms ; each, as the proportion 
of carbon and hydrogen increases, becomes gradually less and less 
volatile, less fusjible, less inclined to dissolve in water, until we reach 
the true faity acids. Now this similarity in properties, which is 
pjiservcd equally in other groups of homologous substances, natu- 
rally leads to the supposition that there must be a similarity in 
chemical constitution. It is not unreasonable to suppose that tlic 
acids HO, „ ,), 0;^, are all formed upon the plan, or type of 

the simplest of them, viz., formic acid. Various theories may be 
advanced as to the composition of formic acid, but whatever that 
composition may be, we may imagine whh Wurtz and with 
Gerhardt th^t the other acids arc so many varieties of formic 


( ^ 

Table to illustrate the arrangement of 


IlyJro- 

carl>onB. 

Tositivib 

Radicles. 

^ Simple Etliers. 

Suli)hi(les. 

Chlorides. 

{C.H„) 


(c„n,„,)o 

(C„H,h,)S 


or 

or 

or 

or 



»(C„I1„+,) 

(C„H„+,0, C„H„+,6) 

(C„H„+,S,C„II„t,S) 


I. C, 11, 

^ (<!. 11.) 

(0, H, 0, C, 0) 

(0, H, S, 0, S) 

C. IT, Cl 

2. 

(0. H, y, 0. u. 0) 

IC, H, S, C, H, S) 

C, 11, Cl 

3- C.H. 

4- 

(C, II„ 0 , 0 , IT. 0) 

0, IT. Cl 

2 (Os H,) 

2 


5- 


(c,.H„s, c,.n..s) 

C..U„C1 

6. 

2 (Cjjll,,) 






c,gn„ci 

9' ^ 

10. 





11 . 





12. 


, 



/3. 










li). CajH,, 

17. 

18 . 


C„Hg,0) 

(C„H..a, C„H,.S) 

CjjHjjCl 

19 . 





20. 





30. ©fioHflo 


> 



Relation to ^ 

I Hydrogen j 

Ho.H( 

Tin HO ) 

HO or 1 

HSorHS} 

HCl 
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acid, which contain ethyl, trityl, tetryl, &c., instead of hydrogen ; 
thus : — ^ 

Formic Acid HO, C2(H)03 

Acetic, or Methylformic HO, C2(CoH3)0, 

Propionic, or Elliylformic HO, 03(04115)03 

Butyric, or Trilklformic ....... HO, Oo^OfiH^jOg 

Valerianic, or Totrylformic HO, p2(C!8^9)^3 

a somewhat similar hypothesis might be extended to tfte different 
alcohols themselves. 

It will be perceived that all these groups, derived from the 
alcohols by decomposition, are produced by an analogous decom- 
position of the several alcohols, and that they all preserve a striet 
homology in their respective groups. This will be more easily 
traced by the aid of the table below,* in whieh the different 
classes of compound^ just described are so arrangeil that all those 
compounds which are placed in the same vcrticaf column are 


Compounds in Homologous Series, 


Alouliols. 

(C„H„gO, 

or 

0,110) 

Mercaptans. 

( 0 „H„+,)S, 

or 

(C.H„+.S, IIS) 

• 

• 

Aldehyds. 

• 

(C„H„) 0 . 

(c„n„..,) 0 ,H 0 

Volatile .^LOids. 

(C,JT„)04 

or 

H0,(CA^,)03 

Compunud Ethers. 

C„H„h..O, c„h„_,o. 

0 , n, 0 , HO 

C3II3S, HS 

O3 H 0 , HO 

HO, C3 H 0 , 

• CgHjO, c,no3 I, 

C4 H, 0 , HO 
H, 0 , HO 

C4H5S, HS 

BaO, HO 

C« E, 0 , HO 

HO, C4 II, O3 

041150,0,11303 2. 


HO, 0 ,. II5 0, 

C4II5O, 0 „H 5 03 

(;, H, 0, "Ho 


C3 H, 0 , HO 
C.oHb 0 , HO 

HO, 

C,H.(),(),H,0, 4. 
C,.H., 0 , C.AO. 5 - 

(!..H„ 0 , HO 

C,oH,,S, HS 

HO, C,„II. 0, 

1I,3H,30, ho 

c,oH,a ho 

HO 

C. 4 H; 30 , HO 

HO, C„ 1 T „()3 
HO, 0 ,..U. 3 O 3 
HO, C,„U ,.,03 
HO, 

C,H.O, C.A.O, 6. 
C,H,(), 0 H,.0. 7. 

C,H.O, 0 ,A» 0 , 8. 

C,U.O, C,J1„0. 9. 

HO 


C,,H, 30 , HO 

HO, CjflHjgOj 

HO, C34II33O3 

HO, C 33 H 3,03 

C, H.O, C,.H„0, 10. 

^4 H5 0, CjiHjjO, 12. 

O4 H3O, Cggllj^O, 14. 

CjgHjjO, HO 

0 ,^, 8 , HS 

C33ii,,o, no 

HO, CgjHjjOj 

HO, C33H33O3 

HO, C^gHjyOj 

OgglljgO, CjgHgjOg 16. 

17 - 

C4H3O, OggHggOg 18. 

19. 

20. 

C«oH,, 0 , HO 



HO, O^^E^O, 
HO, C„oH >3 . 

O64H54O, Cj4Hg|P 27. 

30. 

, HO or HO j. 

HU 


Bl 
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homologous, whilst those which are placed in different columns 
are heterologous, or dissimilar in molecular constitution and in 
chemical characters : but it will be seen that those bodies in the 
same horizontal line are all related to the same alcohol ; they are 
all formed from it by reactions similar to those by which each of 
the correspoiidiiig compounds in the other horizontal lines are 
formed from their alcohol. 

Exceptions to this uniformity occur in the last column, in the 
case of the compound ethers, the formula for which, in the majority 
of instances represents the ether formed by the union of the acid 
with vinic ether, since these compounds have been more generally 
formed and studied than any other kind of compound ether; 
though in a few instances the compound ether residting from the 
union of the<,.acid of the series with its corresponding ether, is 
given, and there can be no doubt that such ethers might in all 
cases be formed if any sufficient inducement to their preparation 
existed ; or if the materials required were sufficiently abundant. 

The column headed Mercaptans contains a series 'of com- 
pounds which correspond to the alcohols, and, are strictly analogous 
with them ; they coittalii sulphur in the place of oxygen : the sul- 
phides are analogous in like manner to the ethers ; and the bro- 
mides and iodides, which however are not included in the table, 
arp analogous to the chlorides. The quantities represented by 
the formulje given in the table yield in all cases where the com- 
pound is volatile .without decomposition, 4 volumes of vapour. 
In this table many blanks occur, w hich could in most cases be 
filled up if the compounds which correspond to them presented 
sufficient interest to induce the chemist to prepare them. New 
compounds are indeed being continually added to the list. By 
thus mapping out the territory which has been explored, the pro- 
gress of future research is materially aided, aud each new com- 
pound, as it is discovered, more readily falls into its true place, 
^whilc its relations to other bodies previously known are antici- 
•pated, and readily verified. 

(916) Theory of Compound Radicles , — Liebig explains the 
similarity in properties between the terms of homologous series by 
supposing the existence in each, of a certain group of elements 
which he regards as the radicle of the series. He has, in fact, 
made the theory of compound radicles^ as it is termed, the basis 
of his classification, and has defined organic chemistry to be the 
chemistry of compound radicles. According to this supposition, the 
basis of each ether is a hydrocarbon, from which all the heterolo- 
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gous bodies of the ^eries, or bodies not analogous in composition, 
are derived : for example. 

Compound Radicle, Rtker, or Oxide of the Radicle, 

Methyl . . . (0^ IT^) Methylic Ether . (Co IL), O 
Ethyl .... (C; Ii;) Vinic Ether . . (C] H;,), O 
Amyl .... (CioHji) Amylic Ether . O 

Alcohol^ or Hydrated Oxide, Compound Ether, ^ 

WoodSpmt (Co Hg) O, HO Formiaie of Metliyl . (Co II 3 ) O, (Co H) Ci. 

Alcohol. . (C;HJ0, HO Acetate of Ethyl ; . (C; IL) O, (C, H,,)0, 

Eousel Oil , (CioHii)O, 110 Valerate of Amy 1 . • (Ciyll^jO, (CijiHglOg 

Upon this theory the simple ethers are oxides of the peculiar 
electro-positive hydrocarbon which forms the radicle of the series ; 
the alcohols are the hydrated oxides of the same radicle, and the 
so-called hydrochloric, hydrobromic, hydriodic, and hydrosulphnric 
ethers, arc simply compounds in which chlorine, brt^nine, iodine, 
or sulphur have taken the place of the oxygen of the ordinary 
ether, just as in the compounds of a metal the chlorine, the 
iodine, or Jlie siflphur, displaces tlie oxygen ; whilst the compound 
group termed ethyl (C4H5) discharges a function in these compounds 
analogous to that of •potassium in its salts : thus, calling ethyl 
(C.1H5) = El., the two series would run aS'^lfows : — 

Oxide of potassium KO Oxide of ethyl . ]^tO 

Chloride of ditto . KCl Chloride of ditto . EtCl 

Iodide of ditto . KI Iodide of ditto . EtI 

Sulphide of ditto . KS Sulphide of jlitto . EtS 

The mercaptans correspond in composition to alcohol in which the 
place of the oxygen is supplied by sulphur , whilst the compound 
ethers, such as the formic, the acetic, and the valeric, are regarded 
in the light of salts, in winch the formic, the acetic, or valeric axiid is 
combined with the oxide of methyl, of ethyl, or other compound 
radicle, by which its acid properties are completely neutralized. 

The aldehyds and acidg are regarded as belonging to a different 
series, which contains a different organic radicle possessed <ff 
electro-negative properties : for instance, 


Compound 

Radicle. 

Hydralod Oxide, 
or Aldehyd, 


Hydrated 
Volatile Acid. 

Perchloride, 

Formyl (CgH) 

Acetyl (C4H3) 

ValeryUCioHs.) 

“d}(C.H)0,H0 

|Aid.‘hyd}(C.Hs)0.HO 

Aldehydic Acid > 

no, 

Formic IIO, (CJI)03 

Acetic HO, (€4113)03 

I Valeric HO, (C,„H.j) 0 j, 



The radicle of each of these electro- negative series, it will be seen, 

D 2 
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differs from the radicle of the alcohol from »'hich they are pro- 
duced by 2 equivalents of hydrogen: methyl (C2H3) by the loss 
of 2 equivalents of hydrogen yielding the elements of formyl 
(Cali) ; ethyl minus 2 equivalents of hydrogen, furnishing the 
elements of acetyb and so on. 

It is true that the theory of compound radicles supposes the 
existence of a number of substances which have not been isolated, 
and possibly also of many which can kave no separate existence. 
But this is a disadvantage which, as Dr. Gregory justly remarks, 
it shares with every chemical theory which has hitherto been 
broached ; and if the view of Liebig does not aflPord a correct 
representation of the molecular constitution of organic bodies, it 
is at least a very convenient fiction, since it materially facilitates 
the retentioT} . of their composition in the memory, and the com- 
prehension of the metamorphoses which such compounds expe- 
rience. One of the first groups to which it was systematically 
applied by Liebig and Wohler was tliat derived fr^m the essential 
oil of bitter almonds. This oil was regarded by these chemists as 
containing an organic radicle, to which they gave the name of 
benzoyl (CJ4II5O2), ‘ami .which may be conveniently distinguished 
l>y the symbol Bz. Although unsuccessful in the attempt to 
isolate this radicle, they succeeded in transferring the group of 
wjliich it was supposed to consist, from one elementary substance to 
another, and in causing it to enter into combination with other 
organic groups ; /and by the aid of this hypothesis they were 
enabled to give as simple and intelligible an account of the mode 
in which the compounds derived from it were formed, as though 
they had been dealing with the salts or other compounds of a 
metal. The advantages thus obtained may be rendered evident 
by comparing the empirical formulae of these compounds with 
those in which the organic radicle is assumed to be present : — 


Empirical 

4ii Formu la. 

Oil of Bitter Almonds . 

Benzoic Acid . • • . C„HA 

Chlorinated Compound . C.,HAC1 
Sulphur Compound . Cj^H^OgS 
Cyanogen Compound . 


C,,H,Og=Bz^ 

BzH, Hydride of Benzoyl 
HO, BzO, Oxide of Benzoyl 
BzCl, Chloride of Benzoyl 
BzS, Sul phideof Benzoyl 
BzCy, Cyanide of Benzoyl 


It is, moreover, to be observed that many of the organic 
^radicles may be isolated. The existence of cyanogen as an electro- 
negative organic radicle, and the remarkable analogy in its mode 
of combination to chlorine and the halogens, was known long 
before Liebig had attempted to generalize the theory. Bunsen 



CHEMICAL TYPES. 


37 


subsequently; isolated kakod3d (C^HtjAs), which is an excellent 
representative of the electro-positive class of radicles, and others 
of analogous composition have since been obtained ; whilst several 
bodies having the composition of such radicles as ethyl and methyl, 
which are supposed to form the bases of the alcohols and ethers, 
have been obtained in a separate form by the valuable researches 
of Frankland and others. 

(917) Chemical Types.-^^T\\Q homologous series of the alcohok 
which has already lieen briefly reviewed (9i4)^ha8 its representa- 
tives among the simpler compounds contained in the department of 
inorganic chemistry ; for by deducting 2(C2ll2) from methyl and 
the compounds of the methylic group (contained in the horizontal 
line I in the table), we arrive at hydrogen and some of its most im- 
portant compounds cf simple constitution. Thus methyl, if deprived 
of 2(C2H2), would leave a residue consisting only of hydrogen > 
2 (C2H3) — 2 (C2H2) = Il2- Methylic ether deprived of 2(C2ll2} 
would leave water; 2 (CglLjO) — 2 (C2H2) = 2 HO: the residue 
from chloi^dc of methyl after a similai* deduction would be hydro- 
chloric acid, and that of the sulphide of methyl and of methylic 
mercaptan would be sulphuretted hydrogen^ Ucncc it appears that 
the radicles methyl, cthyj, trityl, tetryl, amyl, &c., are bodies which 
correspond to hydrogen, and that they may be regarded as homo- 
logues of a series in whielf hydrogen forms the lowest term ; that 
the sim])le ethers and alcohols arc homologucs of water, whilst tRc 
chlorides and iodides are homologues of hydrochloric and hydriodic 
iicid, and the sulphides and mcrcaptans are homologues of hydro- 
sulphuric acid. Water, hydrochloric, and hydrosulphuric acid are, 
therefore, the patterns or types upon which these several bodies 
are formed. 

This idea of referring organic compounds to some simple 
representative or type has been systematically worked out by 
Laurent and by Gerhardt. 

The four principal types to which the latter chemist refers 
most of the compounds of organic chemistry are the following ; — ' 

1 . The metallic or hydrogen type 

2. The oxide or water type . 

3. The chloride or hydrochloric 

acid type 



4. The nitride or ammonia type . 
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It is important to remark, that many bodies are referred to 
the same type, though they present no analogy in chemical pro- 
])erties, either to it or to each other. The various radicles which 
have been proved or assumed to exist in organic compounds vary in 
character as much as the elementary bodies themselves. Some, like 
cyanogen being strongly electro- negative, may be arranged 

with clihAiiie, oxygen, and sulphur, on the right hand side of a 
double converging series ; such as .the‘ following : — 

i;pTASSlUM. CHLORINE. 

SODHJM. • OXYGEN. 

CALCIUM. SULPHUR. 

IRON. GOLl>. 

&C. &C. 

ANTIMONY'. 


ARSENIC. 

wdiilst others, like aldehyd and acetone, agree with arsenic and 
antimony in occupying a central or intermediate position ; 
and others, like kakodyl (C^H^A-s) and the mctatilic deriva- 
tives of alcohol would be arranged with the electro-positive 
bodies, potassium, t SQdiurn, calcium, &:c., on the left hand side 
of such a scries. Wlien we comparer together different com- 
pounds belonging to the same scries, a progressive change in 
properties is observed, so that the differences observable between 
5^ny two such compounds become greater, the wider is the interval 
l)etwcen the rcsp^'ctiv e places in the series of the two terms sub- 
mitted to the comparison. Following this idea to its extrema 
limits, the same type may therefore comprehend bodies belonging 
to the three classes of acids, of bases, and of neutral bodies ; tlio 
acids or electro-negative bodies being at one extremity of the 
series, and the neutral bodies occupying the intermediate positions, 
provided that the bases or electro-positive bodies be arranged at 
the opposite extremity. 

^ The ap})lication of these types by (Tcrhardt to the compounds 
of organic chemistry will be best understood by means of a few 
examples : — 

1 . The hydrogen or metallic type 

To this class Gerhardt refers the radicles of the alcohols, the 
hypothetical oxidized radicles of certain acids, marsh gas and the 
hydrocarbons homologous with it, the aldehyds, &c. 



Methyl 


CJIs 

C2H3 
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,H 5 

H. 


(C^II 

I H 


Ciolfu 

H 

C4H3O, 

C^HaO, 


Ethyl 

Marsh gas (hydride of methyl) 
Hydride of amyl .... 

Othyl (Gerhardt’s acetyl) 



Aldchyd (hydride of othyl) . 

Acetone (methylide of othyl) 

2. The type water h] 


o., 


or 


fC,H30, 

• I H 

fC,H 303 
■ IC3H3 
(H ,*0 
{li, O 


includes the glcohols, the hydrosulphuric ethers and mercaptans^ 
the simple and compound ethers, the double ethers, the hydrated 
monobasic acids and^ their anhydrides : for instance, 

* C2H3 

• II 


Wood spirit 


Alcohol . . . 

Hydrosulphuric ether . 
Mercaptan .... 
Ordinary ether 
Amylethylic ether 
Acetic ether . * 

Hydrated acetic acid . 
Acetic anhydride . 


C4H3 

H 

C4H5 
C4H3 
C4H3 
H 

C4H3 

04115 
C4H5 J 

C 4 H 303 ^ 

C4H5 J 

C4II3O3' 

H 

QH^O, 

C4 


j’Oa, or I 
j O2, or I 


S.,. 


or 


S«, or 


I O2, or I 


O.,, or 


O, 


or 


O3, or 


H3O35 


0«, or 


C2H3, 

0 

H, 

0 

C4H3, 

0 

H, 

0 

C4H3, 

S 

C4H3, 

s 

C4 H3, 

s 

H, 

s 

C4H3, 

0 

C4 H5, 

0 

CxoHu, 

0 

C4 115, 

0 

O4 H3O3, 

0 

C4H3, 

0 

C4 H3O3, 

0 

H, 

0 

C4 II3O3, 

0 

C4 H3O3, 

0 


H') 

3. The hydrochloric acid fyp® Q^r comprehends the ethers of 

the hydracids, and the oxychlorides of the radicles of the mono- 
basic acids ; for example : — 
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CloHji 


( Cl 

..... J 

11 1 * 

1C oxychloride . . . . • . . < 


Hydrochloric ether . 

Iodide of amyl . 

Benzoic oxychloride 
(Chloride of benzoyl) 

Cl 

Acetic 


CiJiA 

Cl 

3^2 

Cl 


II 


, TT XT includes the compound ammo- 
4. The ammonia type H \ N, 


H 

Ethylia (ethylaminc) 
< 

Diphosph ethylia . 


Trimethylia (trimethylamine) 


C,lls 


N 


Acetamide 


Benzoyl-salicylamidc 


H 
H 
CJIb 

CJh 

n , 

( C2H3 
02113 
C21I3 

H 
H 

N 

H 


•N 


N 


Many compounds, such as hydrated oxide of ammonium, not 
included under the preceding types, may be referred to combina- 
tions of two of the foregoing types with each other. 

It is needful to bear in mind that a body does not necessarily 
belong to a given type merely because it may contain one of the 
characteristic elements which contribute to form the typical com- 
,^pound. It would be wrong, for example, to infer that a compound 
was formed on the hydrochloric acid type simply in consequence 
of the presence of chlorine among its components ; since the pro- 
perties of a body are dependent not only upon the nature and 
proportions of its component elements, but also in a very important 
manner upon the molecular arrangement of those components 
Eor example, the chlorine in chlorate of potash does not perform 
the same part that it does in chloride of potassium ; in the latter 
instance it is susceptible of displacement wlien mixed with nitrate 
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of silver ; the soluble nitrate of potash and insoluble chloride of 
silver being formed when solutions of the two salts are mixed — 
Ag, NOe + KCl = AgCl f K, NOg 
whereas, when chlorate of potash and nitrate of silver are mixed, 
no precipitation of chloride of silver takes place. So it is in organic 
substances; for example, when isatin CigUgNOj (a compound 
derived from indigo) is distilled Vith hydrate of p6tash,*a powerful 
volatile base termed aniline (Cjalls, HgN) is obtained. Now 
compounds of isatin may be formed in wlych one, two, and 
three equivalents of chlorine may- be successively substituted for 
an equal number of equivalents of hydrogen in isatin ; and* when 
these compounds are distilled with hydrate of potash, they yield 
substances corresponding in composition to aniline, but in which a 
certain number of tiquivalents of hydrogen are displaced by a 
corresponding number of equivalents of chlorine, thus : — 

Isatin. Ilyd. Potash. Aniline. Carb. I’otash. 

+. +'^ o 7 ^ + 2 H. 

Chlorisatin# *Cl»loraniline. 

(Ci^ci)Nb7 + 4(K0. HO) = + 4 (HO, COs) + 2 11. 

Diolilorisatin. • ^ Dicliloranilinc. 

(C^^j^o', + 4 (ko, qo) = + 4 (ko, co,) + 2 ii. 

I'riohlorisatin. TricliloraniJ ine. 

(ciScuFo, + 4(ivO, TIO) = -f 4(K0, CO,) + 2 n. 

It is particularly to be remarked that the basic properties of the 
aniline are preserved in these corajiounds, though with gradually 
decreasing distinctness ; and it is not until the third equivalent of 
chlorine has been introduced that the basic power finally disap- 
pears : thus aniline is powerfully basic ; chloraniline is distinctly 
basic; dichloraniline, feebly so; and trichloraniline is neutral. 

Not one of these bovlius when in solution, combined with nitric 
or sulphuric acid for instance, gives any precipitate of chloride when 
mixed with nitrate of silver; yet a single equivalent of chlorine, in the 
form of hydrochloric acid, •will neutralize the basic power of any of 
these compounds : thus if hydrochloric acid be combined with am- * 
line so as to form hydrochlorate of this base (C12H7N, HCl), the 
solution will have all the characters of a neutral salt, and will occa- 
sion an immediate precipitate when mixed with nitrate of silver ; 

Hydrochlor. of Aniline, Nitrate of Silver. Chloride of Silver. Nitrate of Aniline. 

c^nThci :^~^gcr‘+ 

These differences may be accounted for by the supposition that in* 
the different chlorinated anilines the chlorine has entered more 
intimately into the composition of the body than in the case just 
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cited, as it is supposed that part of the hydrogen in the mole- 
cule of the base has been actually displaced by chlorine in the 
first cases ; whereas, in the last, the chlorine has merely attached 
itself to the base. The full importance of such processes of 
substitution will be made manifest as the reader proceeds : and 
in order to j^cilitate the acquirement of distinct notions upon 
this pointf we pass next to the consideration of the principal modes 
jn which the chemist effects the metamorphoses of the compounds 
which come before him. 

(918) Production of Chemical Metamorphoses. — Three principal 
methods arc employed in examining the chemical composition 
of organic bodies, and in tracing their relations to other com- 
pounds. These three methods are — 1. That of oxidation. %. That of 
reduction. 3. That of substitution, including fiouble decomposition. 

1. Oxidiition — It Mill be unnecessary to consider minutely the 
effects of rapid direct oxidation or combustion, as the general result 
in all cases where a sufficient amount of air is supplied is to convert 
the carbon into carbonic acid, and the hydrogen into witer, whilst 
the nitrogen is commonly liberated in the free state. It is the 
study of the process ^ gradual oxidation which affords results so 
instructive to the chemist. When an organic body is placed in 
contact with a powerful oxidizing agent, such as nitric acid, 
chromic acid, or a mixture of sulphuric acid and black oxide of 
manganese, the effects which are produced will vary in different 
cases. In some compounds hydrogen alone will be oxidized, as M^heii 
alcohol is submitted to distillation with chromic acid ; in which case 
water is produced, and a new body, aldehyd, containing all the 
carbon of the alcohol is produced : — 

Alcohol. Aldehyd, 

+ O, = + 3 HO 

In other instancesj both the carbon and tlie hydrogen are partially 
reiTioved in the form of carbonic acid and water, whilst an organic 
body of less complex composition is left ; as when stearic acid is 
treated with nitric acid ; iu this case the products vary with the 
strength of the acid employed, and with the time during which 
they are left to act u^n each other ; so that the following com- 
pounds, each successively simpler in composition, might be oh- 
tained from stearic acid CjoHjcOi : — 

Capricacid . C,oHj(,0^ Adipic acid . CuHioOg 

Suberic acid . CigHj^Og Butyric acid . CgHgO. 

Pimelic acid . C.^H, A Succinic acid . CgH^O, 

CEnanthylic acid &c. 
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But it is not only to the processes of oxidation effected in the 
laboratory that it is necessary to attend. Oxidizing actions are in 
constant operation unperceived on every side of us. The gradual 
decay of organic compounds is owing to their spontaneous slow 
oxidation : for decay is, in reality, only a slow process of combus- 
tion; a fact which Liebig indicates by substituting the term 
eremacausis for that of decay .• The decay of wood is a familiar 
instance of’ this kind ; tWe hydrogen of the wood becomes mqye 
rapidly oxidized than its carbon, and the resul| is the formation of 
a brown powder termed ulmin or humus, in which the carbon pre- 
ponderates over the hydrogen and the oxygen to a much .greater 
extent than in the wood from which it was formed. These slow 
processes of combustion are intimately connected with the develop- 
ment of ozone, or c^iemically active oxygen (288). In certain cases# 
the formation of ozone is so abundant during such* actions, as to 
furnish some of the best means of obtaining this singular body. 
Thus ozone is always formed during the slow oxidation of phos- 
phorus in^air ; and it aj)pears also to be produced in the oxidation of 
oil of turpentine and ether under particular circumstances, as when 
a hot platinum wire *is«suspended in a mixtaire of the vapour of 
ether and atmospheric air. The ozone thus developed has in its 
turn a powerful influence in promoting the oxidation of the 
organic body, though of 'course it cannot be supposed that the 
presence of ozone is essential to the production and development 
of such oxidations, for they constantly occur yhere no ozone can 
be supposed to exist ; whilst in other cases tlie production of ozone 
appears to be a consequence rather than a cause of the process. ' 
The importance of studying the action of such cases of oxida- 
tion must be obvious, when it is borne in mind that it is always 
by the agency of oxygen upon the various complex substances con- 
tained in the animal body that they are gradually resolved into 
carbonic acid, water, and ammonia; in one or other of which 
forms they return again *to the domain of inorganic chemistry.^ 

2. Reduction , — Processes of reduction are less completely undef 
the control of the chemist than those of oxidation, and they are 
consequently not applied in the laboratory so easily or so fre- 
quently. In a few cases one or two equivalents of hydrogen may 
be combined with the original compound ; thus alloxan, under tho 
influence of sulphuretted hydrogen, furnishes alloxantin 

Alloxan, Alloxantin. 

^ ^ ^ ^ ^ ^ 

CsH^NaOio + HS = CgH^NPio + S. 

and in a somewhat similar manner blue indigo^ under tbe com- 
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bined action of protoxide of iron and alkalies becomes converted 
into white indigo : — 

Blue Indigo. Whited Indigo. 

CiJIgNOa + IIO + 2 FeO = CieHgNOa + Fe^Og. 

Sometimcs*dcoxidation occurs during the process of fermenta- 
tion ; as when raalatc of lime is lillowcd to ferment in contact 
wth decayed cheese; succinic, acetic, •‘and carbonic acids being 
tlic result : the for^mula of malic acid differing from that of suc- 
cinic acid by containing 1 equivalents more of oxygen ; — 

* Malic acid . == a HO, C«H40, 

Succinic acid = % HO, C8H40g. 

3. Substitution, — The formation of compounds by displace- 
ment or ^bstitution, is one of the most important methods o 
research at the disposal of the chemist. The ordinary method of 
preparing insoluble inorganic compounds by double decomposition, 
is simply a case of the substitution' of one base or acid for another : 
when solutions such as those of carbonate of potash and nitrate of 
baryta are mingled, rtl^ barium is exeha^iged for potassium, and 
reciprocally potassium for barium; KO, COg -f BaO, NOg = 
KO, NOg + BaO, CO3. This species of substitution is also a 
familiar operation amongst the compounds of organic chemistry; for 
th?j chemist has learned to displace various elementary substances 
by compound grouns, as when by the mutual action of hydro- 
cyanic acid and red oxide of mercury, cyanide of mercury and 
water are produced ; HCy 4- HgO = HgCy -f HO : the hydrogen and 
the mercury, being mutually substituted the one for the other; , 
whilst tlic group Cy ( = CgN), takes the place of the oxygen in the 
oxide of mercury. Substitutions of groups of greater complication 
than these are also readily effected, and it is even possible in 
some instances to produce a true organic compound from inorganic - 
elements (920). " 

Few instances of substitution arc more remarkable than those 
by wdiich ammonia may be converted into a complex organic 
base : — when bromide of ethyl, for example, is mixed with a solu- 
tion of ammonia in alctdiol, placed in a sealed tube and heated 
for a few hours to 212^, a reaction occurs, in consequence of 
which, as the mixture cools, crystals of hydrobromate of ethylia 
HBr) are produced; and if this compound be distilled 
with hydrate of potash, bromide of potassium, water, and a new 
base, ethylia, (C4H7N) wdll be formed. 
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Now, since ammonia may be represented as consisting of 
H N ; ethylia may in like manner be viewed as = H N, 

h] H ^ 

or as ammonia in which i equivalent of hydrogen has been dis- 
placed by C4H5, or 1 equivalent of ethyl. The substitution will be 
understood from the following equations : — 

Bromide of E thy] . Hydrobromat e of E Ihyl ia. 

cyijr + H3N = 4115, and 

Hydrobromate of Ethylia. Ethylia. 

HBr + KO, HO = + KBr + 2 IIO. 

Again, if bromide of ethyl be heated similarly with this new 
base, a second cqnifalcnt of hydrogen may be displaced, and a 
hydrobromate of a second more complicated base, diethyl i a, 
(CgHjiN) will be obtained; and from this hydrobromate the pure 
base is liberated by distillation wdth potash. In diethyli^ two 
equivalents of hydrogen are displaced by ethyl : — 

fCdl.] 

Thus, diethylia, (MInN, =lrMH5f N; 

I . . 

and, again, if bromide of ethyl be made to act upon diethylia, the 
third equivalent of hydrogen is displaced, and triethylia (C12H15N) 
in combination with hydrobromic acid is produced; and thus a 

complex ammonia j C^TL, W, is built up step by step by the succes- 

ic.irj 

sive removal of hydrogen, and the sidistitution of a corresponding 
number of equivalents of cithyl. Many cases of the same nature 
will be exhibited when the artificial formation of organic bases 
comes under the notice of the reader (1027). 

* ( 919 ) Substitution of Chlorine and its analogms for Hydrogen. 

— Other remarkable species of compounds which are obtained 
by substitution, are those in which a portion of the hydrogen of 
the original body is displaced by chlorine. When a current of 
dry chlorine gas is passed through certain organic liquids containing 
hydrogen, the chlorine is rapidly absorbed, especially if the action 
be aided by exposure to light or to the direct rays of the sun ; the 
organic compound undergoes decomposition, abundance of hydro- 
chloric acid escapes, and a new organic body, into the composi- 
tion of which chlorine enters, is formed. This decomposition is 
usually very definite in its nature. In the majority of cases the 
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new product is perfectly analogous to the compound from which it 
is furnished, and contains the same number of elementary atoms, 
but a certain number of equivalents of its hydrogen has been 
displaced by a corresponding number of equivalents of chlorine ; 
so that for every equivalent of hydrogen removed in the form 
of hydrochloric*' acid, an equivalent of chlorine has been ^sub- 
stituted. This very singular species of substitution was originally 
observed by Gay Liissac to take place when wax is acted upon by 
chlorine; and a goed example of its occurrence has already been 
considered, when engaged in tracing the conversion of Dutch 
liquid Into sesqui chloride of carbon (400). This kind of substitu- 
tion is of frequent occurrence, and sonic of the most instructive 
instances arc afforded by the action of chlorine upon ether and 
upon other derivatives of alcohol. For cxanqJle, when the vapour 
of hydrochloric ether (CJ 1 ,-C 1 ) is subjected to the action of 
chlorine in the direct rays of the sun, the chlorine immediately 
begin % to act upon the ether, and the action may then be continued 
in diffused daylight. The experiment may be conducted iff an apqja- 
ratus similar to that used in preparing Dutch liquid, and shown in 
fig. 275, part ii. page In orier to'*sup})ly the hydrochloric 

ether, a mixture of hydrochloric acid and* alcohol is placed in the 
retort «, and warm water substituted for sulphuric acid in the 
bottle c, Dy attention to a number of precautions, a succession 
of compounds is furnished, in which equivalent for equivalent the 
hydrogen is displaced by chlorine, until at length the last product 
obtained is sesqui chloride of carbon. The following table ex- 
hibits the successive steps of the reaction, and indicates some of 
the properties of the diflbrent compounds: — 




Boiling pf. 

Sp- gr. 

Dens, vap. 

1 Hydrochloric Ether . . 

C,H,C1 


0-874 

2*219 

I Chlorinated ditto . . . 

Cl ^ 

1 

1*174 

3'47S 

Dichlorinatcd ditto . . 

C4n,ci^ 
CL i 

171° 

1 372 

4'S3'> 

Trichlorinated ditto . . 

CI3 > 

215° 

i’530 

5' 799 

Tetrachlorinated dittu . ^ 

C 4 H GU 
Cb > 

295° 

1-644 

'< 5 ' 97 S' 

Sesquichloride of Carbon 

Cfil.Cl 

360“ 

3’4 

8-15 


^The density of these compounds, both in the state of liquid and of 
vapour, increases as the quantity of chlorine increases ; the volume 
of 1 equivalent of vapour is the same for all, and it occupies a space 
equal to 4 times that of an equivalent of oxygen. It will also be 
seen that the boiling point rises as the quantity of chlorine 
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increases. An equivalent of each of these bodies contains the 
same number of elementary atoms, which appear to be grouped in 
the same order in each compound. The chlorine appears to have 
taken the place of hydrogen in the group without disturliing the 
relative position of the other elements which enter into its forma- 
tion, just as a brick in an edifice may be conceived to admit of being 
removed whilst its place is supplied by a block of wood of of stone 
without altering the form of symmetry of the building. * 

A striking proof of the persistence of the liiolecular arrange- 
ment of the compound, and of the preservation of the relative 
collocation of its component particles, is afforded when two patallel 
series of isomeric substitution compounds are compared with each 
other. Such a parallel is afforded by the chlorinated compounds 
derived from hydrochfcric ether and from Dutch liqim^. 

It has already been explained (400), that when equal volumes 
of gaseous chlorine and olefiant gas arc mixed together, they gra- 
dually enter into^ combination, and form the oily fragrant body 
known as Dutch liquid (04,114,012) : and further, that when this 
liquid is submitted to the action of chlorine in excess, a series of 
compounds is obtained frofti it, in wliich eij^jh equivalent of hydro- 
gen in succession is disphuced by chlorine. Now it will be found, 
on comparing these bodies with those furnished by acting upon 
hydrochloric ether, that a certain number of them are metamcric 
in pairs, although the two members of each pair possess very dif- 
ferent properties, as may be seen by examining tlko following table, 
where the metameric pairs are placed side by side : — 




Boiluij; 

Point. 

Specific Oruvify. 



Liquid, 

Gaseous, 

Dutch Licjuid 

Monochlormatcd Hydrochlo- ) 
ric Ether ) 

C JI,C 1 , IICl 
C.H^Cl, Cl 

184° 

147^ 

I'28o \ 

1174 ) 

3'478 

Monochlorinated Dutch Liquii 
Dichlorinated HCl Ether . . 

C4H2CU. HCJ 
C.H^CJ; Cl 

239° 

171° 

1'422 ) 
I ’372 > 

4 ‘<'i 3 « 
4'530 

Dichlorinated Dutch Liquid . i 
Trichlorinated HCl Ether. . . 

C4HCL, HCl 
C4H2CI3, Cl 

275° 

215° 

i' 57<5 1 
i ’530 ) 

5 ' 7<)7 

5799 

Trichlorinated Dutch Liquid . 
Tetrachlorinated HCl Ether . 

C4CL, HCl 
C 4 HC 14 , Cl 

307° 

295 

1-663 ) 
1-644 J 

6.975 

Sesquichloride of Carbon . . 
Sesquichloride of Carbon . . | 

C.Clj.CUP) 1 
C,Cl,.Clj(F) 

m 

m 

8-167 


An equivalent of each of these compounds in the gaseous state 
occupies four volumes of vapour ; consequently the densities of 
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each isomeric pair in this condition nearly coincide ; indeed it is a 
necessary condition, that equal weights of all metameric bodies 
yield equal volumes of vapour, and therefore, allowing for errors of 
experiment, metamerides must always coincide in density in the 
gaseous state : but in the liquid form, the densities of the com- 
ponents of eadii pair are widely different, and the temperatures at 
which the;^’ boil arc also different/ There is likewise a marked dif- 
ference in their chemical properties,* and in the mode of their 
decomposition. The following are some dl the points of differ- 
ence : — Tlie substitution compounds derived from hydrochloric 
ether ' are scarcely affected even when boiled with an alcoholic 
solution of potash, or with one of hydrosulphate of potassium 
(KS, HS) ; and potassium may remain in them at ordinary tem- 
peratures without being acted upon. On tPiC other hand, wheif 
the compounds derived from Dutch liquid are treated with an 
alcoholic solution of jNotash, they are rapidly decomposed, chloride 
of potassium and water are formed, and a new substance, consi- 
derably more volatile than the original chlorinated co!mpouiid, is 
obtained : thus, 

Dutch Liquid. 

— 

C4H3CI, HCl -f KO, no = C/I3OI -f KCl + a HO. 


f By the action of Hydrate of Potash. 


New 

Compounds. 

Boiline 

0 p 

SiuHi'. 

Dutch Liquid . c • • 
Mouochlori ii i\ it'd di ito 
Dicb]oriTiat(;d ditto . . 

Triclilorinated ditto 

C,ILC1, HCl 
(\1LC1,, HCl 
C 4 H''cr 3 , HCl 
C 4 CI 4 , HCl 

yi (‘Id H 

ff 

ft 

C.H Cl, 
Cl. 

14° 

95 ° 

251-6'’ 

I '250 

1*619 


If an alcoholic solution of hydrosulphate of potassium be employed 
instead of the hydrated alkali, various sulphuretted compounds are 
produced; and the chlorinated derivatives of Dutch liquid are 
violently decomposed by potassium. 

Now it is obvious that the original difference of molecular 
grouping is preserved throughout, both in the series of Dutch 
liquid and in that of hydrochloric ether, so that the chemist is 
thus, as it were, enabled to dissect these compounds by the agency 
of chlorine ; and it is not until the last equivalent of hydrogen is 
removed that the molecular arrangement breaks down; both groups 
in that case yielding the same compound — viz., the sesquichloride 
of carbon. 

The discovery that the substitution of chlorine for hydrogen 
was practicable, at first excited the greatest astonishment amongst 
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chemists, since owing to the powerful affinities of chlorine, particu- 
larly when its electrical opposition to hydrogen is borne in mind, tlie 
possibility of such an occurrence was never suspected. Tlic dis- 
placement of oxygen by chlorine was familiar to the mind of the 
chemist, but the displacement of hydrogen by chlorine was a fact 
in opposition to the doctrines of affinity then prevalent. Tlie dis- 
covery of this remarkable fact*has led to the productfon by sub- 
stitution of an im mens e n Jhiber of analogous compounds in othA* 
groups of orgamKflSliSt The new products# so obtained, how- 
ever, are in general possessed of but little intrinsic interest. 
The importance of accurately studying the steps by •which 
these substitutions arc efi'ected, can, however, be scarcely over- 
estimated, owing to the light which they frequently throw upon 
“the views of the (;oifiposition of organic compounds, ^and of their 
relations to others where no obvious connexion had been pre 
viously traced. 

It seldom happens that the process of substitution can be 
followed througli its succ(?ssive stages so completely as in the case 
of hydrochloric ether or of Dutch liquid ; the products of the opera- 
tion are mingled with eaerii other, and oftc^i cartnot be satisfactorily 
separated. The first equivalents of hydrogen are separated more 
readily than the others, and frequently the last equivalent is 
removed with great difficulty. It is often necessary at first to 
moderate the action by cooling the liquid artificially, and liy 
placing it either in obscurity or only in the diffiised light of day ; 
whilst to complete the dis])lacement of the last portions, the 
strongest sunlight, aided by a temperature of ebullition, is fre- 
quently requisite. Substitutions of bromhic and iodine for hydro- 
gen may also be effected by analogous methods, although, owing 
to the feebler affinities of these elements, the reactions take place 
with less vehemence. 


In other instances peroxide of nitrogen may be substituted for 
hydrogen, as when benzole* Ciall,., is acted upon by nitric acid, aiid 


C . 11 

is converted into nitro-benzolc 

NO^ 


whilst water is formed. 


Each equivalent of nitric acid in these cases loses i equivalent of 
oxygen, which combines with an equivalent of hydrogen, whilst au 
equivalent of peroxide of nitrogen takes the place of the latter ; 
thus. 

Benzole, Nitro-ljenzolo. 


C12H5 

H 


+ NO5 = C 


I 

NOj 


+ HO. 


PART in. 
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(930) Synthetic production of Organic Compounds . — A com- 
bination of the 0])erations of direct chemical action with those of 
substitution, enables the chemist in some instances to build up a 
truly organic compound from inorganic materials. This is well 
exemplified in the artificial production of acetic acid in the manner 
first pointed out by Dr. Kolbc (Liebig’s Annal. liv. 186): — When 
carbon is* heated to bright redness in the vapour of sulphur, 
Combination between the twe olcmfcnteiake^ place, and bi- 
sul])lude of carbon, CS2 (or C2S4), iSmSS^Sm, A\ hen bi- 
sulphide of carbon is treated wdth aqua regia, a white volatile 
crystiilline compound is obtained, which is insoluble in water, 
but soluble ill alcohol and in ether : it melts at 275°, and at 
338° it enters into ebullition : it has a peculiar odour which 
brings tears into the eyes, and its vapour Vias a sp. gr. of 7 * 43 * 
This substance has the composition represented by the formula 
C^ClyS^Oy [= 4(0012^02)], and is termed by Kolbe sulphite 
of perchloride of carbon. Wlnm this corn[)Ound is transmitted in 
vapour through a tube at a dull red heat, it is decou^posed into 
the liquid ])rotocliloridc of earbou (C^Clj), sulphurous acid, and 
free chlorine : — 

(C,ClyS,Oy) + 4 + 4 SO. 

Now if the protochloridc of carbon be placed beneath a layer of 
Crater, and exposed in a large vessel filled with chlorine gas, to the 
sun’s rays, sescpqchloride of carbon {CX\) is formed abundantly, 
and at the same time an acid solution is obtaiiu d which, after satu- 
ration with lime or with some ether base, is found to contain a 
chloride and a cliloraeetnte of tin. base ; if li nu? be used, the formula 
of the salt is (CaO, C4Cl30;^). Tlic following equation will give an 
idea of the mode in which this compound might be formed ; M. 
Kolbc attributes its production to the reaction of water upon sesqui- 
(ihloride of carbon at the iriomcnt of its formation : — 

f Bi'squiehlor. Carbon. ChUirat-etic Acid. 

c^cie + 4 no = + 3 iici. 

Now if chlonicctic aci<l be treated with an excess of potassium 
in the form of an amalgam, the chlorine is entirely withdrawn 
from this compound, and its place is supplied by hydrogen; in 
other words, it is converted into acetic acid : — 

Cliloracot ic Aidd. Acetate of Pot lisb. 

+ 6 K + 4 HO = + 3 KCl + a (ZO.HO). 

Thus a complex organic acid is obtained from inorganic mate- 
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tef ials : — the successive steps of the operation being i . hisiilpliide 
of carbon; 2. sulphite of perchloridc of carbon; 3. protochloride of 
carbon; 4. chlor acetic acid; and 5. acetic acid. 

The earliest and one of the most remarkable instances of the 
synthetic formation of an organic compound was afforded in the 
case of urea, which Wohler discovered might be artificially obtained 
by tlie action of cyanic acid 0I1 ammonia ; for 011 atfemptiiig to 
evaporate a solution of evaluate of ammonia^ this salt undergoes arti 
isomeric transform at i or?, and yields urea : — 

Cyanato of Ammonia. Urea, 

kll/h = NJl/lA- 

Bertliclot has recently succeeded in obtaining formic acid syn- 
thetically by couibij^ng carbonic oxide with hydrate of potash; 

Forniiat e of Pol ash. 

ao, + KO, no = KO, C2IIO3' 

StrcelvCT bas likewise succeeded in obtaining taurin by synthesis, 

He re t^an ])c no doubt that as researches in this direction arc 
mnltiplKu), new methods of preparing bodies as yet obtainable only 
from the products of tlic» living plant or animal, will be devised. 


CHAPTER IL 

THE SACCHARINE OR AMYLACEOUS GROUP.— VARIETIES OF 
FERMENTATION. 

(921) The compounds wliich belong to the group to whicli 
the following chapter is devoted, arc among the most important 
and abundant coiistituenus of plants. One of the most remark- 
able features of their ebemieal composition is the circumstance 
that they all contain oxygen and hydrogen exactly in the pro- 
portion requisite to form* w^ater, and licncc they have by soumi 
writers been spoken of as hydrates of carbon. This term, however, is 
by no means intended to signify that all the hydrogen and oxygen 
exist in them united in the form of water, but merely to indicate 
that the proportion of their components is such as might admit 
of their elements being so arranged. Owing to this peculiarity of 
composition, many of these bodies admit of being readily trans- 
formed one into the other by the addition or abstraction of the 
elements of water, and several of them are especially prone to 
undergo the changes produced by fermentations of various kinds. 

£ 2 
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When submitted to oxidation by the action of nitric acid, most of 
them yield oxalic acid ; and under the influence of a mixture of 
concentrated nitric and sulphuric acids, 8u])stitution compounds 
are obtained, in which a portion of their hydrogen is displaced by 
peroxide of nitrogen. The most remarkable of these substitution 
compounds is "pyroxylin (gun-cotton), the peculiar inflammability 
and exi)losive character of which is well known ; but all of the 
iiitrous substitution products of this class partake more or less of 
the inflammable and explosive properties which arc so signally 
exhibited by j)yroxylin. 

Ih the present chapter the compounds mentioned in the 
following table will be described; in a few of the substances 
enumerated in the lower part of the table, the proportion of 
oxygen and ^hydrogen in them diflers from that of the sugars and 
starches. 


Amylaccotis and saccharine group. 


Cane sugar (sucrose) 



Fruit sugar (fructose) 



Starch sugar (glucose) . 


2 Aq 

Milk sugar (lactose) 

• • • 

5 A<i 

Melitose 

03,^112^021,, 

4 Aq 

Eucalyn 

• • Oi2lI|2()i2, 

2 Aq 

Sorbin 

• . Ciolli30'|3 


Inosite 

* ♦ 

4 Aq 

Starch 

. . 0^311 


Dextrin 

. . Ci 2 ni,)Oi,) 


Inulin 

. . C24II21021 


Gum (arabin) 

C|2lln0^i 


Cellulose 

. . 03(,H3qO3q 


Mannite 

. . CqH 70 q 


Dulcose 

. ‘ . 012H14O12 


Quercite 

. . OjglligOio 


Pectin 

• » 0 J 64 H 4 ()O 5 g, 

8Aq 

Glycyrrhiziu . , 

• • 03 gH 220 i 2 , 

2 Aq 


Certain only of these substances are soluble in cold water, viz., 
the sugars and the gums. Others, like starch, become dissolved 
in water by the aid of heat, or rather become diffused through the 
liquid, though the solution is of a very imperfect character; whilst 
a third variety, cellulose or ligneous fibre, is quite insoluble in 
water, whether hot or cold. 
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§ I. The Sugars. 

(922) Four principal varieties of sugar are known to the 
chemist. Tlie most important of these is the common sugar, 
furnished by the sugar cane, hence termed cane suffar. The 
second is that to which most acidulous fruits o\fe their sweet- 
ness; it forms a syrupy liquid Vhich does not crystftllizc, and 
which is abundant in ti’cacle ; it is often termed fruit sugars 
The third variety is frequently formed fron^ the second ; it 
constitutes the hard granular sweet masses which are common 
in old dried fruits, such as raisins, figs, &e. : it is known as ^rape 
or starch sugar, the latter name being derived from a method of 
preparing it artificially by boiling starch with a dilute acid. The 
fourth variety is that to which milk owes its sweetness : it has^ 
never been met with excepting in the milk of animals, and hence 
it is .termed vnilk sugar. 

These diflerent varieties of sugar agree in possessing a power- 
fully sweet taste. Each, when pure, has always a definite degree of 
swTetness, but there arc great differences in the relative sweetness 
of the different varieties.* A pound of cane Vugar, for example, 
will produce a greater sweetening effect than a pound of fruit 
sugar ; and at least two pounds and a half of starch sugar 
arc required to produce a sweetening effeet equal to that of one 
])Ound of the cane sugar ; while a given weight of the sugar from 
milk possesses less sweetening power than an* equal quantity of 
starch sugar. 

These varieties of sugar differ greatly in external appearance 
as well as in chemical characters ; and they also differ in chemical 
composition. If quantities of the different kinds of sugar which 
contain ecjual amounts of carbon be compared together, it will be 
found that tliey differ in the proportion in which the elements of 
water are present. Comparing together quantities of sugar which 
contain 12 equivalents of carbon, the proportion of water in each 
variety will be as follows : — 




Carbon, 

Water. 

Cane Su^yar . , 

CjgHiiOii 

72 

99 

Fruit Sugar . . 


72 

108 

Starch Sugar . . 

2 aq. 

72 

126 

Milk Sugar . . 

Ditto dried , . 

^ 24 jl 24^24 

72 

72 

108 

ti 5‘5 


Tlicre are few plants from which sugar is absent, and to 
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wliicli^ at some period of their growth it does not form an im- 
portant article of nutriment. 

(923) I. Cane Sugar or Sucrose (CigHnOji). — This variety of 
sugar is chiefly obtained from the sugar cane ; but the sugar 
maple and the beetroot furnish a considerable quantity for the 
market ; it is jilso contained in carrots and turnips^ as well as in 
Hie pumpkin, the chestnut, tlic young shoots of the maize, and in 
a large number of tropical fruits. 

Properties . — Cane sugar has a sp. gr. of i*6. It is soluble in 
about •one-third of its weight of cold water, producing the thick, 
viscid liquid known as syrup. It is also somewhat soluble in 
alcohol, especially when heated with this liquid. By the spontaneous 
evaporation of its aqueous solution, it is defiosited in large four- 
sided rhomboidal prisms, terminated by dihedral summits : these 
crystals constitute sugar candy, which is colourless or brown 
according as the syrup employed is moi’c or less free from colour. 
Ordinary loaf sugar consists of a congeries of minute transparent 
crystals, and the dazzling whiteness of the purest specimens is pro- 
duced by the niimelous reflections and i*efractioas which the rays 
of light experience within the mass, fron*. the numberless crystals 
of which it is composed. When tw^o ])ieccs of loaf sugar arc 
rubbed together, a pale violet phosphorescent light is emitted. 

* If a solution of sugar be boiled it becomes sour, gradually 
becoming less visci.d, and irrecoverably losing its property of crys- 
tallizing : this cliange is attended by the assimilation of an addi- 
tional quantity of the elements of water, and the simultaneous 
and consequent formation of the uncrystallizablc fruit sugar 
This prejudicial alteration is eflected still more 
rapidly by the addition to the sugar of one-twentieth of its weight 
of oxalic, citric, malic, or any of the stronger acids. If the solu« 
tion bo kept boiling for some hours, the change proceeds still 
fvrtlu'r, two additional equivalents of w'ater being assimilated by 
the fruit sugar, which thus becomes converted into grape sugar 
; and at the same time a certain quantity of formic 
acid, and of a browm sparingly soluble substance termed ulmin^ are 
produced. Smaller quantities of the acids produce similar effects, 
but to an extent proportioned to the degree of acidity. It is to 
prevent these injurious changes tliat a small amount of lime is 
•always added to the cane juice immediately after its expression 
from the plant, and before it is heated. The crystallization of 
sugar is also prevented by the presence of 2 or 3 per cent, of 
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many salts, sucli as common salt or chloride of calcium ; these 
salts appear to form definite but deliquescent compounds with 
cane sugar. According to M. Peligot, the compound with cliloride 
of sodium contains (NaCl, IIO, ^12^1909 4 - 

The uses of sugar as an article of food are well known. Alone, 
it is insuflicient for tlic support of life ; but when nyxed with other 
suitable food it has a fattening* tendency, which howQ^ver is not 
greater than that of a carresponding weight of starch (Lawqs 
and Gilbert, Brit. Assoc. Report, 1854, p. 417). Sugar is largely 
used as an antiseptic, in syrups and preserves. iT dusted abundantly 
over meat, fruit, or fermentable matters, it prevents the^ usual 
process of decay from occurring, provided that the substances to 
be preserved are at the same time tolerably well excluded from 
the air. 

(924) Action of Bases on Sm/nr . — Sugar has tlRj property of 
dissolving many metallic oxides when its solution is boiled with 
them : — for example, freshly precipitated oxide of lead is taken up 
by it in ecnisidefablc quantity ; and, on cooling, a white powder con- 
sisting of 2 PbO, CiaHjoOio, is deposited; this if dried at 212^, 
loses an equivalent of water, and becomes 2 l?bO, CjallDO^. Lime 
is also, in like manner,, dissolved by syrup to a large extent; the 
compound (CaO, CiallnOn) has a bitterish taste, and is very soluble 
in cold water. Its solution, however, if tolerably coneciitratcd, 
becomes opacpie when heated, and presents an a])pcaranee of coa{^ii- 
lation, resembling that of white of egg : it is deposited by boiling, 
and may even be washed wdth boiling water, though it is readily 
rcdissolved on cooling. An analogous compound may be formed 
with baryta. The compounds produced with other bases are 
sparingly soluble in water, but arc readily taken up by alkaline 
liquids. This fact ca plains an observation that the presence 
of sugar prevents the precipitation by alkalies, of many metallic 
oxides from their salts, the oxides of copper and of iron being 
amongst the number thfis retained in solution. Many metallic 
oxides experience reduction, either partial or complete, when boiled# 
with sugar ; if the chromates, for instance, be mingled with a little 
free acid, and heated with solution of sugar, the chromic acid is 
reduced to the sesquioxidc of chrome, which is dissolved by the 
excess of acid, whilst the liquid becomes green. Salts of the red 
oxide of mercury are converted into those of the suboxide, and 
salts of gold give a precipitate of the reduced metal in fine powdei;. 
This reducing action is also possessed, though to a less extent, by 
other compounds analogous to sugar. 
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If su^ar be mixed with eight times its weight of quick-lime, 
and distilled in an eartlienwarc retort, it is decomposed, and a 
mixture of acetone and inetacetone (CgHgO), arc amongst 

the products of distillation. The latter is an oily liquid, which 
does not mix with water, but is soluble in alcohol and in ether ; by 
wasliing the distilled liquid with w^ater, the acetone may, therefore, 
be removed, whilst the mctacetonfe is left. Metacetorie boils at 
183° F. (l^'rcmy). When treated with mixture of bichromate of 
potash and sulphuric acid it undergoes oxidation, and is converted 
into propionic acid (IIO, Cgll-Oa). If sugar be treated witli three 
times its weight of hydrate of potash, instead of wdth quiek-liine, 
propionic acid, mixed with formic and acetic acids, is formed, and 
the three acids enter into combination with the ])otash. 

(925) Oilier modes of decompositioyi of SMfitr , — Concentrated 
sulphuric ackV rapidly chars and destroys cane sugar. If equal 
volumes of strong syrup and oil of vitriol be mixed, much heat is 
evolved, the mass froths up and emits curboiiic and formic acids, 
wdiilst a black carbonaceous residue is left. A similar biaekeming 
effect is produced by some of the metallic chlorides ; Maurnene 
has proposed to take lad vantage of this for Ihc purpose of discover- 
ing small quantities of sugar when in sole lion: — Strips of white 
mcjrino are to be dipped into a solution of bichloride of tin in an 
ccpial quantity of water, and dried at 21 z"'': if a drop of any 
liquid containing sugar be placed on a slip so pre|)ared, and gently 
heated, a brown or black stain will be formed : this test is also 
applicable to the sugar of fruits and of starch. Dry chlorine like- 
wise attacks sugar at a temperature of 2 1 2®, and produces a similar 
brown substance, which is only ])artiaily solulde in Avater. Nitric 
acid, of sp. gr. of J*25, converts sugar into saccharic acid (934), 
with evolution of carbonic acid; but if the nitric acid be more 
concentrated, oxalic acid is formed. 

Cane sugar undergoes an important change under the influence 
of the yeast of beer, which causes it to ex|^cricncc the alcoholic fer- 
‘mentation; it becomes converted first into fruit sugar, and then 
into carbonic acid and alcohol (935). In contact with putrefying 
casein and chalk, lactic fermentation is induced in sugar, the pro- 
duct being lactic acid (959) ; under other circumstances, not as 
yet thoroughly investigatcit, sugar undergoes the viscous fermen- 
tation, and becomes changed into a mucilaginous substance, and 
into manuite (935). 

(926) Action of Heat on Sugar , — At a temperature of about 
320® 1^., sugar undergoes fusion, and on cooling, forms the trails- 
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parent^ amber-coloured solid, sold by the confectioucrs as barlen 
sugar. If long kept in this form it loses its transparency, and 
gradually becomes crystallized. This change may be retarded, but 
not altogether prevented, by adding a small proportion of vinegar 
to the melted sugar. This alteration in structure is strictly 
analogous to that in virtue of which the tough, transliarcnt variety 
of sulphur assumes its crystalline state. It has been observed that in 
both these cases an evolution of ^icat occurs during the passage of* 
the bodies from the vitreous to the crystalline eotidition. Anotlicr 
interesting point of resemblance between these two phenomena is 
presented in the remarkable dilference between the melting pbints 
both of crystallized and vitreous sulphur, and of crystallized sugar 
and barley sugar. The latter becomes liquefied between 194® and 
212°, while loaf sugai^does not melt below 320^. 

A solution of cane sugar exerts a right-handed rotation upon a 
ray of polarized light (120) ; but sugar which has long been kept 
in a melted state, when rcdissolved in water has lost its power of 
crystallizing* and no longer exerts any rotatory action on th(3 
polarized ray. Soubeiran has also observed that when a solution 
of sugar is long exposed •to an elevated tcm])crature, even where 
air is excluded, it undergoes a molecular change ; the liquid 
becomes brown, and gradually acquires a left-handed rotatory 
action upon the ray. The simple boiling of cane sugar with water,^ 
if long continued, gradually causes the sucrose to combine with the 
elements of water, and it thus becomes converted mto starch sugar. 
This change is effected much more rapidly in the presence of 
chloride of ammonium, or of any of the chlorides of the metals 
of the earths, such as chloride of calcium. 

If the application of heat to the melted sugar be continued, 
and it be gradually raised to 400^ or 420°, the sugar loses two 
equivalents of water, and a brown deliquescent and nearly tasteless 
mass remains, which is known as caramel (Cj2Hj,Oy). This body is 
often used by cooks and confectioners as a colouring matter.^ 
Caramel is soluble in water, and is precipitated from its solution 
as a brown powder, by adding a large excess of alcohol. It differs 
from sugar in not being susceptible of fermentation. Caramel 
forms an insoluble compound with baryta ; and if its solution be 
mixed wdth one of the basic acetate of lead, a precipitate is formed. 
If sugar or caramel be heated beyond 420^, inflammable gases 
escape, and the compound is completely decomposed, leaving a 
porous brilliant mass of charcoal. 

(927) 2. Fruit Sugar or (CisIIjsOia), exists ready 
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formed in most ripe acidulous fruits, wliich owe their sweetness to 
this substance. It may also be procured artificially from starch, 
gum, and ligneous fibre, under the influence of diluted sulphuric 
acid ; these bodies becoming combined with an additional quantity 
of water, l)y a change resembling that just described as taking 
place when caiic sugar is similarly treated ; by continued boiling of 
this acid liquid the sugar passes ifito the third variety, assimilating 
*two additional equivalents of water. *Whcn its solution, aftfer the 
neutralization of the acid by carbonate of baryta, is evaporated, the 
grape sugar is obtained in the form of crystals. This passage of 
fruit-sugar into grape sugar sometimes takes place spontaneously, 
as is seen in the gradual crystallization of the sugar in dried 
fruits. Fruit sugar is also largcily contained in honey, which 
by long keeping undergoes a spontaneous change into a mass 
composed chiefly of crystalline grains of starch sugar. 

(928) 3. Grape or. Starch Sfoar; Glucose, (C12HJ2O12 2 aq). — 
Preparation . — Starcli sugar is prepar(‘d upon a considerable scale 
by allowing a mixture of starch, with a sufficient quantity of 
water to render it‘ liquid, to flow gradually at a temperature of 
about 130^, into a vat containing watoc acidulated with one per 
cent, of sulphuric acid ; tliis liquor is kept constantly at the 
boiling point, by which means the starch is at once altc'rcd so as 
hot to produce a mucilage. The liquid, after all the starch has 
been added, is maintained in a state of ebullition for about half an 
hour, at tlie end of which time the starch is usually completely 
converted into sugar. The proportion of starch used amounts to 
one half of the weight of the water employed. The liquid is 
drawn off, and the acid is neutralized by adding chalk in small 
quantities at a time, until it ceases to occasion any effervescence ; 
the precipitate is allowed to subside, and the clear solution is con- 
centrated by evaporation until it acquires a density of 1*28. It 
44s drawn off from the deposited sulphate of lime, after which it is 
set aside for some days to crystallize. The molasses is allowed to 
4rain ,ofl', and the sugar is dried at a gentle heat in a current ot 
air (Pelouze and Frerny, Triiite, 2nd ed., iv. 570). 

The formula for starrdi is GigHioOio, and since that of starch 
sugar is the conversion of starch into sugar may be 

regarded in the light of a mere combination of starch with the 
elements of water. 

A similar conversion of ligneous fibre into sugar may be 
effected under the influence of acids, but in this case the acid is 
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employed in a more' concentrated form ; 2 parts of clean linen or 
calico cut into shreds, are added gradually to 3 parts of oil of 
vitriol, and allowed to stand for 24 hours. The mixture is after- 
wards diluted largely with water, and boiled for a few hours. The 
acid may be neutralized by the addition of chalk, or, what is better, 
of carbonate of baryta, and the sugar can then be ^parated from 
the insoluble sulphate of lime, or sulphate of baryta. 

Glucose appears to be tTie form of sugar which is occasionall\P 
met with as a morbid constituent of the urine i» cases of diabetes. 
It has been shown by Bernard to be one of the normal constituents 
of the liver, and the same physiologist has remarked, that by irri- 
tating with a needle the fourth ventricle of the brain in a dog or 
a rabbit, sugar is developed in the blood and in tlie urine, after a 
few minutes. 

Grape sugar is distinguished from cane sugar by several 
characters ; it is considerably less soluble in water than cane sugar, 
though it is more readily taken up by alcohol, and crystallizes 
from a hot*solution of alcohol containing not more than 5 per cent, 
of water, in anhydroiis prisms (Ci2Hi20|2)- It requires nearly 
two parts and a half of glucose to produce the same sweetening 
efieet as is produced by one part of cane sugar. The action of 
sulphuric acid upon grape sii^ar is quite different from its eflect upon 
cane sugar, as instead of decomposing it as occurs with sucrose, it 
forms with glucose a definite compound acid, which has been termecl 
sulphosaccharw acid, and which, according to M. Peligot, yields a 
soluble salt with lime and wuth baryta. 

Glucose crystallizes with difficulty in warty concretions, com- 
posed of hard transparent cubes. It forms with common salt a 
compound that crystallizes with facility, thus furnishing another 
distinctive character of this variety of saccharine matter. 

Grape sugar forms definite but unstable combinations with the 
alkaline bases. These compounds, even at ordinary temperatures, 
gradually undergo change ; their solution, which is at first strongly 
alkaline, becomes neutral, owing to the formation of a powerful, 
colourless, but uncrystallizable acid, glucic acid (3 110, 

Peligot), which remains in combination with the base. Glucic 
acid, when boiled with water, absorbs oxygen and becomes brown ; 
a new acid (2 110 , CigHyOg), which Mulder terms apoglucic acid, 
is formed : it is not crystallizable. If an alkaline solution of 
grape sugar be heated, the sugar is rapidly destroyed, and a different 
body of dark brown colour, also possessed of acid characters, is pro- 
duced ; this substance is not crystallizable ; it has been termed 
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mdassic acuL This body has a powerful affinity for oxygen, and 
when boiled with an alkaline solution, to which a salt of black 
oxide of coi>pcr has been added, speedily reduces the black oxide of 
this metal to the condition of the red oxide. 

Upon these facts M. Barreswil has founded a simple method of 
estimating the amount of sugar which any mixture may contain. 
For this purpose he prepares an^ alkaline solution of tartrate of 
topper and potash, of know n strength. given volume of this solu- 
tion is jdaced in a porcelain capsule, and heated nearly to its boiling 
point j the solution of sugar to be tested is then added by degrees 
from a burette, until the addition of the syrup ceases to produce 
any further precipitate. The proportion of sugar which is present 
in the licpiid will be inversely as the volume of the saccharine 
solution consumed. Cane sugar, however, ^does not reduce the 
alkaline solution of tartrate of copi)cr, consequently no indication 
of the presence of cane sugar is atibrded l)y this reagent. Never- 
theless, a quantitative determination even of this variety of sugar 
may be elieeted by means of this method, provided thf^t a given 
volume of the saccharine licpiid, acidulated slightly with sulphuric 
acid, be diluted with water, and boiled fof two or three hours; the 
cane sugar is thus converted into fruit sugar, and on diluting this 
liquid with w^ater till it occupies a definite volume, the proportion 
of altered sugar which it contains may *i:)e ascertained. Supposing 
both kinds of sugar to be present, a preliminary experiment is made 
before boiling with acid, in order to estimate the amount of fruit 
oi’ of grape sugar, and by deducting this from the quantity found 
after acidulating the liquid and boiling, the proportion of cane 
sugar is ascertained. Fcldiug recommends for the preparation of 
the standard copper solution, the following proportions as reduced 
to Fnglisli weights : — i ounce of crystallized sulphate of copper, 

3 ounces of cream of tartar, li ounce of pure carbonate of 
potash, 14 or 16 ounces of a solution of caustic soda (sp. gr. 
J12), and water, until tlie solution measures 15160 w-ater grains, 
aoo measured grains of this solution contain a quantity of copper, 
w^iqfi^ould be reduced by i grain of sugar (CjaHjgOjg) ; 1 equi- 
valent of sugar reducing to equivalents of the black oxide of 
copper to the state of suboxide. This test is often conveniently 
riisorted to as a preliminary trial for sugar in urine : little or no 
action occurs when a solution of grape or diabetic sugar is mixed 
w ith an alkaline solution of copper in the cold ; but on the applica- 
tion of a gentle heat the yellow hydrated suboxide of copper is 
thrown down, and on raising the temperature to the boiling point 
the red anhydrous suboxidc is deposited. 
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When grape sugfir is heated, it begins to soften at about 140®, 
and at 212° it melts and loses two equivalents of water; at ^^84°, 
three additional equivalents of water are expelled, and the residue 
consists of caramel. 

(929) l^ffects of the Varieties of Sugar on Polarized Light . — 
Both sucrose, or cane sugar, and glucose produce dotation upon a 
ray of polarized light. The plaiic of polarization is rotated from 
left to right, by sucrose ratiTcr more powerfully than by glucose. If 
is remarkable that fruit or uncrystal lizable sugaB produces an oppo- 
site rotation, viz., from right to left. Since tlic degree of rotation 
is proportionate in columns of equal length to the quanfity of 
sugar present, it has been proi)Osed to employ tliis ])roperty in 
order to determine the quantity of sugar present in syrups. 

M. Clerget, in a ^aper contained in the Annates dejitliimie, III. 
xxvi., 17 5, gives a detailed account of the application of polarized 
light to the analysis of saccharine solutions by the aid of an 
instrument invented by IVI. Solcil. Dr. Bence Jones has applied 
the method to the determination of the quantity of sugar whieJj 
remains in the unfermented state in wines. Diabetic ui’ine 
may also be examined by the same process. According 
to M. Clerget, if the right-handed rotating power of a given 
weight of cane sugar be taken as 100, that of an equal weight of 
diabetic sugar is 73, the rotation in this case also being riglit- 
handed. In connexion with the optical examination of syrups, 
the following facts arc irn])ortant : — Starch sugar presents three 
modifications when examined by its effect upon polarized light. A 
solution of crystallized starch sugar, when freshly made, possesses 
a rotatory power double of that which it retains after having been 
kept in solution for some hours ; and the rotatory power of a 
solution of sugar from malt when freshly made, is three times as 
great as that of the same solution after long keeping. These 
different varieties may all be immediately reduced to the one 
possessed of the minimum rotatory power, by simply heating tllb 
solution to 180° or upwards, and then allowing it to cool. If 
the rotatory power of starch sugar, of minimum effect, be 
taken as one, that of a fresh solution of crystallized starch 
sugar will be two, that of sugar of malt three, and that of an 
equivalent quantity of dextrin (937) will be equal to four. 

Starch sugar thus reduced to its minimum power of rotation, 
undergoes no change when heated for a short time with an acid ; 
but the rotatory power from left to right, possessed by a solution 
of cane sugar, is reversed {interverti) by mixing the liquid with one 
tenth of its bulk of a pure concentrated solution of hydrochloric 



62 


MANUFACTURE OP SUGAR^ 


acid, and licating it by means of a water bath for ten minutes to 
the temperature of 154® F.c the crystalline sugar is thus converted 
into the un crystal! izablc form. It has been remarked, that the 
addition of a solution of potash or of soda to a solution of sugar, 
reduces the rotatory action of the liquid upon the pSlarized ray, 
but on neutralizing the alkali the original effect is restored. An 
excess of acid exerts no sensible Effect upon the rotatory power of 
*the liquid. Mitscherlich has shown fliat elevation of temperature 
produces a very singular effect upon the rotatory power. In the 
case of cane sugar, the rotatory power diminishes slowly as the 
temp*eratiire rises. If the rotatory power at 32° be =1, it will at 
212® be less by 0*0232 (or = 0*9768 Dubrimfaut) ; but in the case 
of fruit sugar the cftect is so considerable that not only is its 
rotatory pojycr to the left greatly reduced/' but it at a certain 
point becomes null, and beyond this it is actually reversed, and 
becomes right handed. 

(930) Manufacture of Bugar. — The chief source 6f sugar in 
the state in which it is offered for sale is the sugar-cane, of which 
there are three or four varieties. This* plant is a solid, jointed 
reed, which grows to a height varying fr«m six to fifteen feet. The 
sugar-cane flourishes best between the tropics, and requires a 
strong deep soil. It is found most acfvantagcous to cut the canes 
bc'fore tliey are allowed to flower, the produce of sugar being much 
reduced after inflorescence. The canes arc cut as close to the soil 
as possible, since the juice contained in the lowest joints is the 
sweetest. The ripe canes immediately after cutting are stripped 
:)f their leaves, and subjected to strong pressure by passing them 
between grooved iron cylinders. In that hot climate the juice, 
if left to itself even for half an hour, begins to ferment : it is, 
blu'rcfore, immediately mingled with ^oirth of its weight of lime, 
md heated to 140® F. in large flat-bottomed copper pans or clarifiers, 
nfdiich hold from 300 to 400 gallons each. At this temperature the 
tlbuminous portions of the juice become coagulated and rise to 
he surface in the form of scum, whilst the free acid is neutralized 
)y the lime. After allowing it to cool for an hour, the clear liquid 
s drawn off for concentration by boiling. The fuel used for this 
mrposc generally consists of the crushed canes, the ashes of which, 
n well-managed plantations, are always returned to the soil, and 
urnish manure for future crops. When the syrup has acquired 
ufficient consistence, it is run into shallow wooden coolers, and 
Uowed to rest for twenty-four hours ; at the expiration of that 



CANE AND MAPLE SUGAR. 


C3 


time it is briskly stirred to favour crystallization ; the semi-solid 
mass is tlien transferred to the curing-house, and is put into the 
potting casksy which are vessels furnished with perforated bottoms 
to allow the molasses or treacle to drain off. Into each perfora- 
tion a reed or the stem of a plantain-leaf is placed, extending to 
the top of the cask, with the view of facilitating ' the drainage, 
which requires three wrecks for Its completion. The crystals are 
then dried off in the sun, ifnd form the raw sugar of commerce.* 
On an average, one gallon of juice furnishes oiy) pound of sugar. 
Much waste is, howx‘vcr, incurred in the extraction of tlie saccha- 
rine matter, for according to Dumas loo parts of fresh cane should 
yield 90 of juice, and of this 18 or 20 parts are pure sugar. No un- 
crystallizable sugar is contained in the fresh juice of sound canes, 
though it occurs in dl*cayed ones. Much of the w ast^ arises from 
the conversion of the crystallizable sugar into treacle or uncrys- 
tallizablc syrup, by the high temperature and frequent boilings to 
which it is subjected. Great improvements have recently been 
cflected in •the apparatus for boiling down syrups, by means of 
which a beautiful crystallized product may be obtained with care 
from the juice at the first* crystallization. 

Maple Sugar . — The American Indians manufacture a consider- 
able quantity of sugar from a species of nia])le {acer saccharinum). 
In order to obtain the juice, they make perforations through the 
bark, which penetrate from a quarter to half an inch into the 
wood. Each tree usually has two borings ; tho^e perforations are 
always made upon the side of the tree facing tlie south, at a height 
of from sixteen to tw enty inches fi'om the surface of the soil. Reeds 
are placed in each aperture, to convey the juice into suitable 
vessels. Tlic best season of the year is during the months of 
March, April, and May, while the sap is rising, from the 22nd of 
March to the middle of April being the period preferred. Some- 
times a second running is taken in the autumn from the same 
tree, but it is more injurious to the tree than the spring tapping ; ift 
autumn the juice does not run for more than four or five days, but it 
is twice as strong as that which is drawn in spring. A good run 
gives daily six gallons from each incision, and in an old tree or ^ old 
bush^ these six gallons yield one pound of sugar. In a ^ new bush,^ 
twelve gallons arc required for each pound of sugar : the average 
quantity of sugar from each tree is about three pounds. If pro- 
perly treated, the same tree may be tapped for twenty or thirty 
years in succession. The higher the perforations the sweeter is 
the juice. Every twenty-four hours the liquid that has collected 
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is concentrated, and the raw crystallized sugar is sold in blocks 
without further refining. 

Beet-root sugar is extracted by pressing out the juice from the 
ripe roots of the white beet, wdiich are usually gathered in October. 
The expressed juice contains about lo per cent, of sugar, which in 
the fresh juice is entirely of the crystallizable kind ; but it is 
seldom pSssible to extract in the 'crystallizable form more than half 
^the quantity which the root contains.' 

The exprcsso(1 juice is first mingled with a small quantity of 
lime, and then boiled ; a large portion of the albumen and azotised 
matters are thus coagulated and rise to the top in the form of a 
scum, which is carefully removed. The juice is then filtered 
through a column of animal charcoal ; it is concentrated in the 
vacuum pan and is then filtered a second ti.ne tlirough charcoal ; 
it is next evaporated still further, and filtered through coarse cloth 
bags to remove any suspended particles ; after which it is boiled 
down to the crystallizing point ; the syrup at this stage having a 
sp.gr. of about 1*39. 

Tlic crystals of beet- root sugar are longer and flatter than 
those furnished by. sugar Irom the cancfbut they cannot otherwise 
be distinguished from the latter. • 

The manufacture of sugar from this root was called into exist- 
ence by the wars of Napoleon, during wliich the ordinary supjdy 
‘'of the article was cut off from the Freneli. Tn France, where tlic 
principal inanufactoric's of this sugar exist, a good deal of the 
molasses, which is inferior to that of the cane, is fermented, and 
furnishes a considerable quantity of spirit of wine, amounting in 
weight to nearly one-third of the treacle employed ; this spirit is 
purified l)y distillation ; the residuum is evaporated to dryness, and 
then incinerated for the sake of the alkaline salts which it yields ; 
these salts consist principally of carbonates of soda and potash, w ith 
a small pro])()rtion of sul})hate of potash and of chloride of potas- 
sium. Beet-roots contain a large proportion of soluble saline matters, 
which are by this means economized. The crushed pulp is either 
employed while fresh as food for cattle, or used as manure for the 
land. 

(931*) Rejhiwg of Sugar . — ^The process of refining sugar, 
whether from tlie cane or the beet-root, is alike for each. Two or 
three parts of sugar arc dissolved in 1 of lime-w^ater mixed with 3 or 
4 per cent, of bone black, and the wliole is heated in large cisterns 
by allowing steam to blow up into them through pipes which 
open into the bottom of the vessel ; from these cisterns the syrup 
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is transferred to a filtering apparatus consisting of tubes of twilled 
cotton, where it is heed from mechanical impurities, and runs 
through as a reddish brown syrup. In many establishments this 
clarification is aided by adding to the syrup a certain quantity of 
the scrum of hullock^s blood. The albumen of the scrum, on the 
application of heat, becomes coagulated and rises to t^ie surface, 
carrying with it entangled its meshes the greater part of tlie 
impiiritics, which are afterwards removed by skimming. 

The reddish syrup which has run through ^hc filters has next 
to be freed as much as possible from colouring matter, and for 
this purpose it is a second time filtered ; but the filter on this 
occasion is of a different nature, and consists simply of a bed of 
animal charcoal, prepared by calcining bones in closed v(\sscls, and 
subsequently grinding them into a coarse powder. • The filters 
consist of extensive vats twelve or fourteen feet deep, with perfo- 
rated false bottoms ; upon these a layer of ticking is placed, and 
above this^ char;poal to the depth of twelve feet ; above this is 
another layer of ticking covered with a perforated metallic plate. 
The syrup is allowed to flow evenly over the jjurface, and by the 
time it has run through it is colourless. 

Owing to the viscidity of the filtered liquid, a high tem- 
perature (230° ¥.) is necciisary to make it boil under ordinary 
circumstances : and at this tem])crature the sugar quickly 2)ass(» 
into the uncry stall izablo modification, especially wdicn exposed to 
the action of the atmosphere. By an ingenious application of the 
mode in which liquids may be boiled m vacuo at a temperature 
far below their ordinary boiling point (169), this difficulty has 
been in great measure overcome; and the syrups arc now univer- 
sally boiled down in the vacuum pan. In this apparatus the 
pressure of the atmosphere is removed by means of a powerful air- 
pump, and a vacuum is maintained above the surface of the liquid 
in the evaporating vessel, \|hich is a close pan or boiler constructed 
of a spheroidal form, in order to enable it to resist the pressure of 
the external atmosphere. The lower half of the pan is double, for 
the purpose of admitting steam between the coatings ; and a sjDiral 
steam pipe is also coiled within the boiler, with a view of increasing 
the extent of heating surface. By this arrangement a supply of 
steam can be admitted from a neighbouring boiler, the heat being 
sufficient to cause the syrup to enter in rapid ebullition, whilst 
all danger of burning the syrup is completely avoided ; since 
the boiling point does not rise above 150® or 160*^ F. The 
evaporation is continued until a small quantity of the liqiud 

PART III. p 
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when placed between the thumb and finger can be drawn out into 
a thread, wliicli breaks near the thumb and curls back to the finger. 
When it reaches this point the syrup is emptied into a vessel 
heated by steam to about 170°; in this healer it is strongly 
agitated with wooden pars until it appears thick and granular. It 
is upon tips agitation in the heater that the whiteness and fineness 
of the grain in refined sugar depend, l^resh portions of the evapo- 
rated liquor are two or three times added to the first, and thus the 
tem[)erature is alternately raised and suffered to fall. From the 
heating vats it is transferred into inverted conical moulds^ either 
of sheet iron or of unglazed earthenware ; in the apex of each of 
these is an aperture, which is at first closed by means of a plug. 
The syrup is again well stirred in these moulds, to favour the escape 
of air-bubblias, which would otherwise give the mass a honeycombed 
appearance. After this operation it is left at rest for several hours, 
at the end of which time, when the is removed, the uncrys- 
tallized syrup runs into vessels placed below for its reception. The 
sugar, however, is not yet white ; for tlioiigh the crystals consist 
of pure sugar, the^ loaves retain mechanically a large quantity of 
coloured syrup. In order to get rid of this, a quantity of fine 
colourless syrup is placed upon the base of each loaf, ainl this syrup, 
as it gradually percolates through the porous mass, displaces the 
i^ipurities. The loaf is finally dned in a stove, and finished for 
the market by turning it in a lathe. 

In many rcfiiieries, after the finest quality of sugar has been 
obtained in the form of loaves in the manner already described, 
the; syrup which drains from them is boiled down again in the 
vacuum pan, and is obtained in the form of what is termed 
criinhed mgar, which is freed from the uncrystallizcd syrup with 
great rapidity by an ingenious application of the centrifugal force. 
The apparatus employed is similar in principle to that which has 
been long used for drying clothes in laundries. It consists of a 
cylindrical drum mounted upon a vertical axis, to which a very 
rapid rotatory movement can be given. The outer wall of this 
revolving drum is form(?d of a stout but close metallic net- 
work. This drum is enedosed in a second somewhat larger 
fixed cylindrical vessel in which the liquid portion of the syrup is 
collected. In order to use the apparatus, a charge of concentrated 
syrup, which has been allowed to cool, and has thus become con- 
verted into a crystalline magma, is transferred to the inner drum 
of the centrifugal machine. The drum is now put into rapid 
rotatory motion, the uncrystallizcd syrup escapes through the 
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pores of the metallic g^auze, whilst the crystals are retained upon 
its inner surface. Between the withdrawal and the introduction 
of each charge the drum is cleansed by a jet of high-pressure 
stcam^ and thus the pores of the metallic network are kept clear. 

(93 A singular modification of sugar was observed by Pro- 
fessor J ohnston to be furnished by some species of the Eficalyjjtus ; 
it has recently been more accurately examined by Bcrthelot {Annf 
de Chhule, 111 .^ xlvi. 66) and described by him jinder the name of 
mclitose. 

Melitose (C21IT24O21, 4 HO) is contained in the manna cff the 
Eucalyptus, It is soluble in water, and somewhat soluble in alcohol. 
Its aopieous solution crystallizes by si)ontaneous evaporation in 
slender needles, whielfhavc a feebly sw^eet taste. Wlicnhcated to 2 12° 
it loses 2 equivalents, or 9' 2 per cent, of water ; if hcatefl to 266° it 
loses about 1 equivalent more of water, melts, and emits an agreeable 
odour, whilst it assumes the aspect of barley-sugar. TIjc aqueous 
solution oflnclitose produces right-handed rotation of a polarized 
ray more powerfully than cane sugar. Basic acetate of lead 
produces a precipitate in •its solutions. It ddcs not reduce the 
salts of copper when boiled with an alkaline solution of these 
compounds ; but if boiled with suljdiuric acid, the resulting liquid 
acquires the power of reducing the salts of co])per. When mixed 
with yeast, melitose experiences the vinous fermentation, but it gives 
off one half only of the quantity of carbonic ipnd which glucose 
wwld have yielded. Under the influence of yeast it becomes broken 
up into two portions, one of which undergoes fermentation like fruit 
sugar, whilst the second portion remains unacted on in the liquid. 
To the latter body the name of Eucalyu has been given. It is a 
substance of syrupy consistence, and a feebly sweet taste ; when 
dried in vacuo at the ordinary temperature, it consists of C12H12OJ2, 

2 HO, and at 212° it parts with 2 equivalents of water. It produces 
right-handed rotation upon a polarized ray. Eucalyn has the pro^- 
perties of sorbin (see tabic p. 72) in every respect, except that sorbin 
produces left-handed rotation and is crystallizablc. When heated 
with alkalies it assumes a brown colour, and reduces the salts of 
copper ; at a heat of 392® it becomes converted into a black insoluble 
mass, Melitose appears therefore to be formed by the union of two 
varieties of sugar, one of which is fermentable, while the other is 
not so. 

(933) Sugar* OE Milk; Lactin or Lactose (024,1124024), 
Sp, Gr, 1*543- — This variety of sugar is an animal product, being 

r 2 
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obtained solely from the milk of the mammalia. It is produced by 
the herbivora in greatest abundance, but it is secreted also by the 
carnivora, although tlicir diet is exclusively of an animal nature. 

Preparation .- — After the milk has been coagulated the curd is 
separated, and the whey is concentrated by evaporation until it 
reaches t)ae crystallizing jDoint. ^ Small pieces of wood are then 
introduced to act as nuclei upon whiqh the crystals of lactose are 
.'deposited. It is thus procured in mammillated masses composed 
of groups of riglit four- sided prisms, terminated by four-sided 
pyramids. The crystals are white and semitransparent j they feel 
hard and gritty between the teeth, and require 5 or 6 parts of 
cold water for solution ; the liquid thus formed is less sweet to 
the taste than that produced by an equal weight of starch sugar. 
Lactose is insoluble in alcohol and in ether. Its aqueous solution 
produces right-handed rotation of a ray of polarized light. If 
lactose be heated gradually to 284®, 2 equivalents of water arc ex- 
pelled \ but it is remarkable that if tlic temperature be suddenly 
raised, the crystals melt, and then lose 5 equivalents of water. 
When boiled with, dilute acids it is very slowly converted into 
fruit sugar. AMien pure, this form of sugar is not susceptible of 
fermentation, but milk itself may be fermented. In this case, 
under the influence of the casein, the lactose is probably converted 
,into fruit sugar previous to undergoing fermentation. Lactose 
may be coml)incd with oxide of lead, and forms with it two white 
insoluble coiii]K)unds, 5 PbO, and 10 PbO. 

It also forms compounds with tlie alkalies and with tlie alkaline 
earths, and absorbs both amMioniacal and hydrocliloric acid gases. 
An alkaline solution of lactqse when boiled with the salts of copper 
reduces them, and preeijutates the suboxide of the metal. It also 
1‘eduees the salts of mercury and of silver when heated with their 
solutions. 

(934) Action- of Nitric Acid on tine Svfjars . — The action of 
iiitT‘ic acid upon the different varieties of sugar is remarkable and 
chai*acteristic. Sucrose and glucose, when treated with three times 
their weight of nitric acid, of sp. gr. 1-25 (care being taken that the 
temperature be not allowed to rise beyond 120^^ P.), yield a pecu- 
liar acid, the saccharic ; and the same substance may also be 
obtained from starch, gum, and lignin by similar treatment. 

Saccharic Add (2 IIO, — This acid forms a colour- 

less, inodorous, deliquescent, gummy, uncry stallizable mass, which is 
freely soluble in alcohol, but sparingly so in ether. It yields two 
aalts with potash; one of which is neutral and very soluble, the 
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other is a sparingly soluble bisaccliaratc which crystallizes in oblique 
rhombic needles. This acid is sufficiently powerful to dissolve 
iron and zinc with extrication of hydrogen. Its neutral salt with 
baryta is amorphous and sparingly soluble. Saccharic acid has a 
tendency to form double salts, so that it appears to be dibasic. 
This acid is isomeric with mucic acid, a very different ^iody produced 
by the action of nitric acid upoif sugar of milk. 

If sucrose or glucose b(? acted upon by nitric acid, of a sp. gr.^ 
higher than 1*25, and the temperature be allow-d to rise, a large 
quantity of oxalic acid is formed. 

Mucic Acid (2 HO, — Sugar of milk, when tf^^ated 

■with excess of nitric acid, furnishes mucic acid, which is isomeric 
with the foregoing acid ; it may also be produced from gum and 
mamiitc by similar ftcatment. One part of sugar of^ milk or of 
gum, when boiled with 4 parts of nitric acid of sp. gr. i‘35 and 
I part of water, on cooling deposits mucic acid in minute, colour- 
less, transparent, tabular crystals, which jissumc the appearance of 
a sparingly* soluble white gritty powder, insoluble in alcohol. It 
is a dibasic acid, the salts of w hich arc all insoluble in w atcr with 
the exception of those oT the alkalies : it foiW two classes of 
salts, a neutral and an achl series. , The neutral mucatc of potash 
consists of 2 KO, HO; the bimucatc of the same base 

of KO, no, Ci2nyOii, ho. Mucic acid is solulile in concentrated 
sulphuric acid, with which it forms a crimson solution. 

When mucic acid is heated, carbonic acid lind water are ex- 
pelled, and a new monobasic acid, the pyroinucic (HO, C10II3O5), 
is sublimed in delicate needles ; — 

Mucic Acid. Pyromucic Acid. Carbonic Acid. 

^^HO, Cj.H.O.J ^ (110, + 6 IIO. 

Pyromucic acid is isomeric with the pyroraeconic and with 
citraconic acid, but it is distinguished from these bodies by the 
formation of a white insoluble precipitate when added to a solutiwi 
of subacetate of lead. 

If mucic acid be simply boiled in water for some time, it passes 
into an isomeric variety known as paramucic acid, which is much 
more soluble in water than mucic acid, and is also freely taken 
up by alcohol; when its aqueous solution is evaporated, para- 
mucic acid is left in quadrangular tables. 

§ II. Other Soluble Substances allied to Sugar. 

(935) Manxite (C^HyOo or CoJIgO^ 2 IIO). — This substance 
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abounds in the drug known as manna, which consists of the 
inspissated saccharine juice of the froxmuB ornus, a tree which 
grows abundantly in Sicily and Calabria. Mannite is also con- 
tained in considerable quantity in celery, in onions, asparagus 
shootSj and in certain kinds of fungi. According to Stenhouse, 
it is also found largely in many species of sea- weed ; the laminaria 
saccharind, when dried, containing as much as i a or 13 per cent, 
'of it. It is likewise a constituent of ^he juice which exudes from 
many varieties oU apples and pears ; and it is always formed 
during the viscous fermentation of sugar to which the juice of the 
beet root is particularly liable ; so that it is a substance which, 
from its extensive distribution, acquires a certain degree of interest. 

Mannite may be readily extracted from the manna of the 
fraxbms ornus by digesting it in hot alco’uol; as the solution 
e(K)l8 the mannite crystallizes in tufts of silky quadrangular 
])risms. It fuses at 320° without losing weight, forming a colour- 
less liquid, which solidifies on cooling, into a mass of radiated 
crystals. Mannite is very soluble in water ; it has an agreeable 
sweet taste, and is easily distinguished from cane sugar by the 
absence of any charring effect when it is treated with sulphuric 
acid ; in fact, the acid combines with it ^^id forms sulphomannitic 
acid (IIO, (/(}H504, 2 SO3). Mannitn may, as Stenhouse has 
shown, be distinguished from grape sugar with facility, since 
it does not become brown when heated with alkaline solutions. 
It combines with bases ; and when its aqueous solution is mixed 
with one of basic acetate of lead, a precipitate (C6ll,r,04,, 2 PbO) is 
formed, which consists of mannite, in w hich 2 equivalents of water 
hav(i been displaced by 2 c(juivalents of oxide of lead. Solutions 
of mannite do not reduce the alkaline solution of tartrate of 
copper when boiled with it, but Avhen heated with a solution of the 
•nitrate of silver they precipitate the metal. They likewise reduce 
gold from a solution of its chloride. 

Mannite is also characteristically distinguished frbfe true 
sugar, by its insusceptibility of the alcoholic fermentation when 
mixed with yeast, and by the absence of any rotatory effect upon 
a ray of polarized light. Nitric acid produces saccharic and 
oxalic acids when heated with mannite, but no raucic acid. A 
modification of mannite (C^IIeOg), to wliich the name of pinite 
has been given, has been found by Berthelot in the juice of the 
Pinus Larnbertiana : it is distinguished by being nearly insolublein ’ 
absolute alcohol, and by its power of producing right-handed rota- 
tion upon a ray of polarized light. 
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Glycyrrhizm a HO; Lade).— The sweet principle 

of the liquorice root is not a true sugar, for it is not susceptible of 
fermentation. It has a strong tendency to combine with bases, 
and forms soluble compounds with the alkalies and earths. It is 
usually obtained by adding an acid to a concentrated decoction ot 
liquorice root, washing the precipitate with cold water, and dis- 
solving it in alcohol ; on evaporating this solution, the giycyrrhizin 
is left in the form of a brilMant, transparent, brownish mass, which 
is sparingly soluble in cold water, especially i^ acidulated. It is 
more soluble in hot water, but its proper solvent is alcohol. The 
solution has a sweet taste, leaving a disagreeable bitternessu upon 
the palate. 

The following tabic contains a summary of the leading cha- 
racters of the principal varieties of sugar, including tlTose of a few 
saccharine substances of less importance — viz., sorbin, dulcose, and 

querciie, which it will not be necessary to describe more minutely. 

• 

Sugars and some allied Bodies^ 


• • 


VAKIKTY AND 
ORIGIN OP SUGAR. 

PRINCIPAL PROFKRTIKS. 

Cane Sufrar, 

Ci.jHuOjj ; 

from sugar cane. 

Crystallize* in four or six-sided rhomboidal prisms — very soluble 
in. water, leas so in dilute alcohol — spe<'iiic gravity r6 — 
about 320° F. — is not precipitated by subacetate of lead — does 

I not reciuce an alkaliue solution of tartriW-o of copper on boiling — 
produces W^/t^-banded rotation — undergoes alcohol ic fermentation 
with yeast — combines with alkalies — boiled with dilute acids, 
yields glucose — with nitric, acid, yields succlniric and oxalic acids. 

Fruit Sugar, 
Ci2H|20j2 ; 
from mau}^ recent 
fruits. 

Not crystallizable — soluble in diliUe alcohol — not precipitated 
by subacetate of lead - reduces an alkaline solution of tartrate of 
copi)er by boiling — produces Zc/^-handed rotation — undergoes 
alcoholic fermentation with yeast— turns brown w lien treated wdth 
alkalies — dilute acids partially convert it into grape sugar by 
boiling. 

Grape Sugar, 
Ci.Hi.Oia, 2 HO ; 
from dried fruits, 
or altered starch. 

Crystallises in cubes or square tables — less soluble in w-ater than 
cane sugar, but more soluble in alcohol — yields a precii>iffllte 
with amrnoniacal acetate of lead — reduces tartrate of potash and 
copper, and the salts of mercury, silver, and gold when boiled with 
them — ferments readily wdth yeast — produces handed rotation 

— becomes brown when treated with alkalies — with nitric acid 
yields saccharic and oxalic acids. 

Sugar of Milk, 

^om whey of 
milk. 

Crystallizes in four* sided prisms — less soluble in water than 
grape sugar — nearly insoluble in alcohoFand ether — subaeetate of 
lead precipitates its solutions — reduces the salts of copper, silver, 
and mercury when boiled with them with pot-ash — produces rUjht-n 
handed rotation — not directly susceptible of alcoholic fermentation 
— is converted into glucose by boiling with dilute acids — yields 
mucic and oxalic acids, with nitric acid. 
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VAIIIETY and 
OKIOIN OF SUGAR. 

PRINCIPAL PROPERTIES. 

Mclitoae, 

C,,,TT,„0,,.4H0; 

(Borthelot,) 
from tlio , 
l£ucaJjjptu}t, 

Crystallizes in slender prisms— freely soluble in w'ater, slightly 
soluble in alcohol — feebly sweet — melts and loses water at 
— with suhaoetatc of lead yields a preedpitate- - does not reduce 
an alkaline solution of tartrate of coi>per — ro/A/- handed rotation 
exceeding that, of wine sugar — undergoes Jcoholic fermentation with 
yeast, at the same tii/m half the sugar is separated in an unfer- 
inentablc form ns Kucalyn. 

Eiiealvn, 

cvt,,o,,:2JI0; 

(lim'thcdot,) j 
from fermentation ' 
of molitose. I 

Not cry stallizable— precipitates subacetate of lead, and reduces 
tlje alkaline tartral^ of cojiper when boiled with it — produces 
-handed rotation — not su.sccptible ol alcoliolic fermentation — 
becomc.s ]>rown w'hen treated with alkaiie.s — not altered by boiling 
with d'!ute acids. 

Sorbin. 

(JVlouz(‘,) 
from l)errieH*'of 
mountain aah. 

Crysfcjillizos in ociohedra with a rectangular base — soluble in 
Wiiter, near jy insoluble in alcoiiol - spccilie gravity 1*65 — fusible 
without loss of weiglit — g‘> res a wlilt. nreedpitate wdtli basic ammo- 
iiiaeal acetate of lead — reduce.'^ tbe alRaline. solution of tartrate of 
co})]>er oil lioating it wdib it — uc.casioos /</? -handed rotation — is 
not fornujulable — turned browm l)y alk..,rics — yichhs a red solution 
with oil of vitiiol -converted into oxalic acid by nitric acid. 


TnoHito, 

C.,n,A ..4 ITO; 

(H(‘]jeror,) 
from iQuscular 
iiasuo. 


I)\ilcose, 

(Ivaurcnt,) 
ori;^iii unknown. 


(^jysUillizc^ in T.nli.d.fHl uf(s wlnblt' !/• Matcj’, insoluble in 
a-bsolute alcohol ami t l Iioi*-- loses wati r by heat, and fuses at 
^TO' doe." .not re.'noc l< .sa.lls of .‘((pjier when boiled with them 
with nikuli is .lot suscej'libl.i of alcoholic fermentation, but 
willi <*hcese and eJndk yi« !<.ls 1*. tic and butyric acids — is not 
alter(‘tl by l>oiliny with aiJnie or alkalies— forms apreeipitate 
with basit^ ac< tale of lead. 


Crystallizes in livillian., prl.^ni.s soluble in water and alcohol — 
fuses at 35b' F.- - ^ivcH n<> j-recipitc ‘c with sul acetate of lead — 
and does not reduce nitrate fd‘ silv<u’ or chloride of ^old — produces 
no rotation on pobrized lieht i.-M. .t susceptible of fermentation 
—not adected by dilute alkalic-s (•'•uverted ijito luucic acid by 
nliric acid. 


Mjirmiie, 

c„irAi 

ipom tlio juice of 
Fraxlmis Ornus. 

Ciystallizes in silky anhydrous lour sided pri.sms — soluble in water 
and alcoliol — fusible at gives apreeipitate with basic acetate 

of lead — ly Ii'.-at reduces the sails of silver or gold — does not reduce 
the alkaline tartrate of copper when boileil wdth it — no rotation 
of pohirizcil light — not fermentable — wdth nitric aeal yields sac- 
charic and oxalic acids — soluble in oil of vitriol, and in alkaline 
solutions without coloration. 

Quondtc, 

f .HjgOjQ ; 

from acorns. 

Transparent prisms — soluble in whaler and dilute alcoh^^fusible 
at 420'^- -docs not i educe the' alkaline tartrate of JHRjl — not 
fermentable — soluble witbont change of colour in oil of vitriol 
and in the alkalies — yields oxalic acid with nitric acid. 


§ III. Varieties of Starch and Gum. 

(936) Starch — ^The term starch, or amylaceous 

matter, or fecula, is applied to an organized substance whiqh 
* occurs in rounded or oval grains in the cellular tissue of cerAi < 
parts of plants. It is met with in great abundance in all dicoty- 
ledonous seeds^ particularly in those of leguminous plants^ such as 
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peas and beans. The raonocotyledoiions seeds of the cerealia or 
corn tribe contain it still more largely ; it is also abundant in the 
tubers of the potato, in the roots of the tapioca and arrcw-root, 
and in a variety of other plants. On examining the grains of 
starch with a magnifying power of 300 or 400 diameters, they 
arc seen to consist of flattened ovate granules, whicii in the same 
plant are tolerably uniform in sife, but which vary in maf^uitude in 
different species of plants, those of the Carina^ or tom ks moiSj* 
No. I, fig. 331, being about u/roth of an inch 114 diameter; those 
of the potato are soinewlu'it smaller, but tlic grains become larger 
as the age of the plant increases ; those of the arrow-root, No. 2, 
do not exceed oluth of an inch ; those of wheat starch, No. 3, 
arc more circular, and about yoVoth of an inch in diameter, and 
do not exhibit rings f those of rice. No. 4, are angular and often 
adlierent to each other ; they do not usually exceed the 3(y«>oth of 
an inch, wdiilst those contained in the cells of the beet-root are 
still smaller. 


Fig. 331. 



Each of the larger grains exhibits a scries of concentric rings ; 
some observers consider this appearance to indicate that thc^y hai% 
been formed by a deposition of successive layers of starchy matter 
wdthin an external envelope ; Mr. Busk considers that the rings 
are occasioned by a plication of the envelope itself; in many 
instances the hilum, or supposed point of attachment of the grain 
to the cellular tissue of the plant from which it* was developed, 
is distinctly perceptible, as shown at a a, fig. 331. 

^he structure of the grains of starch is very beautifully dis- 
played by placing some of them in contact with a drop of con- 
centrated solution of chloride of zinc (tinged with a little free 
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iodine)^ on the field of the microscope. No change takes place 
in the grahules until a little water is added. They then become 
of a deep blue colour, and gradually expand; at first a frill-like 
plicated margin is developed around the globule; by degrees this 
opens out; the plications upon the globule may then be seen slowly 
unfolding, and may be traced in many cases into the rugae of the 
frill ; ultfmately the granules sw6ll up to twenty or thirty times 
< tlieir original bulk, and present the hppearance of a flaceid sac. 
During these chapges no extrusion of anything within the granules 
is observed to take place (Busk, Quarterly Journal of the Micro- 
scopical Society, i.). 

The grains of potato starch, if illuminated by polarized 
light, with a NicoVs prism interposed between the object and the 
eye, present a well-marked black cross (Ihe centre of which 
corresponds with the hilum). When wheat starch is subjected 
to a similar test, this cross is not perceptible ; its presence 
may therefore be of service as a means of distinguishing 
the fraudulent addition of potato starch of flour to wheat 
flour. 

Properties , — To the unaided eye, sfarch exhibits the appear- 
ance of a white glistening powder, or of columnar masses which are 
easily reduced to powder ; when pressed between the fingers it 
emits a peculiar sound, and produces a cei tain feeling of elasticity. 
‘Starch is heavier than water. It is insoluble in cold water, 
alcohol, and etheV. If jdaced in a solution of soda or of potash, 
which contains two per cent, or upw ards of alkali, the granules of 
starch swell up and become converted into a tenacious paste, A 
mixture of starch and water may be preserved w'ithout change at 
ordinary temperatures for an indefinite period ; but it undergoes a 
remarkable change when heated to a temperature a little above 
140® F, Under these circumstances the exterior layer of the 
granules absorbs water, the grains swell up, and the mixture sud- 
denly assumes a viscous pasty condition, in which form it is exten- 
sively employed by laundresses for stiffening linen. If this paste be 
largely diluted with water, the swollen granules of the starch slowly 
subside, whilst a certain quantity of amylaceous matter remains in 
solution. The starch paste thus obtained does not, when eva- 
porated, recover its former insolubility. Its solutions are precipi- 
tated by alcohol, and the precipitate may be redissolved by the 
immediate addition of water ; hut after a few hours the flocculi 
become more coherent and are no longer soluble. A solution of 
starch produces right-handed rotation of a polarized ray. 
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It is remarkable, that if starch be boiled under pressure, at 
about 300® F., with from 5 to 15 times its weight of water, a thin 
solution is obtained, which may be filtered from the insoluble por- 
tion ; this liquid, as it cools, deposits minute spherical granules, 
which, when dried, have the whiteness of starch without its glis- 
tening appearance. These granules are sparingly Soluble in cold 
water, but are readily dissolved* when the water is raised to 158° 
or upwards. Iodine ting(;s*them blue, and alcohol causes a prcciF 
pitate when added to their aqueous solution. 

When dry starch is heated sufficiently, it acquires the pro- 
perty of dissolving in cold water, and forms a ropy solution ^uch 
resembling gum in properties. The grains of anhydrous starcli 
may be heated to 320° P. without becoming soluble, but at 400^ 
the change is complete in the course of an hour or two. Com- 
mercial starch, on the contrary, from the water whicfi it retains, 
is rendered completely soluble by raising the temperature suddenly 
to 320°, and maintaining it at this point for some time. The 
change profluccd*in these cases consists in the formation of a sub- 
stance isomeric with starch, which is termed dextrin. This soluble 
torrefied starch is knowii under the name of British yuniy and 
constitutes the leiogonn.te of the French manufacturers; it is 
largely employed by calico jirinters for mixing with their colours, 
in order to give them the requisite consistence. 

liiko most organized structures, starch appears to retain as aii 
essential component, a small quantity of saline •matter, consisting 
partly of potash ; and it likewise contains a ])crceptiblc amount of 
some azotised compound, which is contained chiefly in the tegu- 
ment of the grains (Jacquelain). 

A solution of tannic acid occasions a precipitate in one of 
starch. When a dilute solution of starch is mixed with one of the 
amraoniacal acetate of lead, an insoluble compound with oxide of 
lead (CigH^Og-f-a PbO) is formed. Starch inay be recognised 
when present, by the deep blue colour which it acquires on ttlc 
addition of free iodine to its solution ; this colour disappears if the 
iodine be in excess, or if the solution be heated, but in the latter 
case it reappears as the liquid cools. If boiled with dilute sul- 
phuric acid, starch quickly loses its viscidity, and is ultimately 
converted into glucose. Before the transformation is complete^, 
it passes through the same modification that exists in British gum, 
which has received the name of dextrin, from its property of 
causing the rotation of a polarized ray from left to right. 

Preparation , — In the extraction of starch from the ycgetables 
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in which it is contained, advantage is taken of its insolubility in 
cold water. 

1. Potato Starch , — This variety is prepared on a large scale 
from potatoes, which contain about 20 per cent, of amylaceous 
matter ; the cellular tissue of the tuber does not exceed % per cent, 
of the mass, whilst of the remainder, about 76 per cent, consists 
of water,'^aiid the rest of smalt quantities of sugar, salts, and 
azotised matters.* In order to extract the starch, the tubers are 
first freed from adhering earth by a thorough washing, and are 
llicn rasped by machinery. The pulp thus obtained is received 
upon "a sieve, and is washed continuously by a gentle stream of 
water, as long as the washings run through milky. This milki- 
ness is due to the grfinules of starch which arc held in suspension. 
The milky liquid is received into vats, in \f‘hich the amylaceous 
matter is allowed td subside ; the supernatant water is drawn off, 
and the dc])Osit is repeatedly washed witli fresh water until the 
washings arc no longer coloured. The starch is then suspended in 
a small portion of u ater, run through a fine sieve tO keep back 
any portions of sand, and after ha\ing been again allowed to 
settle, is drained in baskets lined with ticking, and the mass is 
placed upon a porous floor of half-baked tiles, and dried in a current 
of air, wdiieh is at first of the natural temperature; the drying 
is comjdetcd by the a])plicatiori of a moderate artificial heat. 

2. Wheat Sta7xh . — A finer species of starch is obtained from 
the grains of thc^ ccrcalia, in the preparation of which wheat is 
largely employed. In making wheat starcli a more complicated 
])rocess is necessary, as in this grain the starch which amounts to 
iK'arly 60 per cent, of the whole, is accompanied with an azotised 
material termed gluten (957)^ amounting to from 14 to 19 per 
eemt. of the w^eight of the grain, which also contains a certain 
(juantity of cellular tissue and of sugar. The grain is first coarsely 
ground and wetted* with water. After the lapse of three or four 
dwys it begins to ferment, and is then transferred to a large vat 


* The following, aecjordiug to Boussingault, is the average composition of 
the tubers of the potato : — 

Water . . 
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where it is mixed with an additional quantity of water, and the fer- 
mentation is allowed to proceed for three or four weeks. During 
this operation the gluten undergoes putrefaction, the sugar and i)art 
of the starch become converted into alcohol, and carbonic acid is 
evolved, while the fermenting mass emits a powerful putrescent 
odour. A portion of the alcohol ^id of the starch bccomotconvcrtcd 
into acetic and lactic acids, A\;hich dissolve that portion of the gluten^ 
that has escaped putrefaction, and thus the starcli is separated from 
the materials by which it was accompanied in tlfc grain. It is then 
repeatedly washed, drained, and dried, as before. The bloek% into 
which it is divided in order to facilitate the desiccation, shrink 
during the drying into columnar fragments, which arc readily pul- 
verized by gentle pressure. 

3. Rice Starch , — In the foregoing method of prepftring starch 
from wlieat, much of the amylaceous matter is wasted, the 
whole of the gluten is lost, and the operation is attended with 
the continual evojution of gases of an offensive odour, which arc 
the source of annoyance to the neighbourhood in which the maiiii- 
facturc is carried on. 'Jhesc inconveniences •were overcome by 
Mr. O. Jones, who, in the year 1840, took out a patent for tl)c 
manufacture of starch, by a method which be applied particularly 
to rice, though it may be •used with other cereal grains. IJu- 
dried rice contains about 83 per cent, of starch, and about 7*0 
per cent, of gluten. The process of Mr. Jone^ consists in sepa- 
rating tluisc two materials by means of a very weak solution of alkali, 
which dissolves the glut(‘n, but leaves the starch granules unal- 
tered : — loolb. of rice in the form of grain are macerated in 50 
gallons of a solution containing jLtli of its weight of caustic soda ; 
after the lapse of 24 hours the alkaline liquid is drawn off, and the 
rice, after being well waslied, is allowed to drain, and is ground into 
hour. It is then digested for 24 hours longer, in a fresh (piantity 
of ley, with frequent agitation ; at the end of that time it is left 
at rest for 70 hours. The liquid wliich floats above the starch is 
then drawn off; it is turbid, lias a yellow colour, and contains the 
gluten of the grain in solution. From this liquid the gluten, which 
possesses highly nutritive qualities, is recovered by carefully neu- 
tralizing the solution with sulphuric acid : it then subsides in 
fiocculi^ which are washed, dried, ground into flour, and used for 
mixing with ordinary flour to increase its nutritive properties. 

The dcixisited starch retains the fibrous matter of the grain ; 
but as this portion is heavier than the fine grains of starch, it is 
easily freed from the latter, by stirring up the whole with water. 
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allowing the mixture to rest for an hour^ during which time the 
vegetable fibre subsides^ and then running off the milky liquid 
into a separate vessel where the starch is deposited ; after which it 
is washed, drained, and dried in the usual manner. Starch, in 
the form in which it is usually sold, retains about i8 per cent, of 
water. Tn order to render it aphydrous, it should be dried in 
^ vacuo, at a tem])erature of i 6 o^ P. 

Other sources of Starch, — If during the preparation of starch 
the tempe rature ehiploycd in its desiccation be raised to 140®, a 
transparent jelly is produced which, when dry, is no longer farina- 
ceous, but assumes the form of semitransparent granules. Sat/o 
is the fccula obtained from the pith of the sago palm by making 
it into a paste with water, and pressing the mixture through a 
perforated 'metallic plate ; the little cylinders thus obtained are 
granulated by placing them in a revolving vessel ; these are then 
exposed upon a sio^'e to a jet of steam, and subsequently dried. 
Tapioca is the starch of the Jatropha manihot, whiclj is pressed 
through a colander, and dried upon a metal plate heated to 212°. 
It is thus formed into granular, semitransparent, irregular masses. 
Arrow root is the starch of the root of the maranta arundi- 
nacea, and of one or Uxo other tropical plants, Satep is the 
name given to that yielded by the orchis mascula, 

« The occurrence of starch is not confined to the vegetable 
kingdom. Granules of starch have recently been found in the 
brain, and in certain cases of scrofulous caries the liver assumes the 
peculiar liard, semitransparent, waxy appearance, described by 
Dr. G. Budd. This condition VTrehow has shown to arise from 
the deposition of amyloid matter in the gland j and a similar 
deposit has been found in the kidney in the same cases. The 
deposition of small quantities of starch in the animal tissues, even 
in health, is not uncommon. 

(937) Dextrin is a transparent, brittle solid, with 

a vitreous fracture. It ivs soluble in water and in dilute alcohol, 
but is insoluble in anhydrous alcohol or in ether; wood spirit 
dissolves it freely. Dextrin is distinguish^ by producing right- 
handed rotation upon a ray of polarized light, and it derives its name 
from this property. It differs from starch in not yielding any 
blue coloration with iodine ; and from gum by the fact that a 
solution of dextrin, when mixed with potash, forms a beautiful blue 
solution on the addition of sulphate of copper, which, on boiling, 
deposits suboxide of copper ; whilst no such effect is produced with 
gum. Nitric acid converts dextrin into oxalic, not into mucic 
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acid. M. Payen has contrived a method of preparing dextrin on 
a large scale, which consists in moistening lo parts of starch with 
3 parts of water containing rlirth of its weight of nitric acid, 
allowing the mixture to dry spontaneously, then spreading the 
starch upon shelves in layers of an inch and a half jn depth, and 
heating them for an hour or aij hour and a half in a#stove to 
about 240"^ F. When a soliition of dextrin is mixed with one of 
ammoniacal basic acetate of lead, it forms an insoluble precipitate 
consisting, according to Payen, of 2 PbO, 

(938) Diastase . — During the germination of seeds the st^jirch 
undergoes a spec‘ies of fermentation, and is converted first into 
dextrin, and subsetpicntly into sugar, in which state it is assimi- 
lated by the young shoot. This conversion is due to the action of 
a peculiar ferment termed diastase, which is formed in ^11 germi- 
nating seeds. An impure solution of diastase may be readily ob- 
tained from malt or freshly -germinated barley by grinding it, moist- 
ening it with^half its weight of warm water, allowing it to stand, and 
pressing out the liquid. Malt does not contain more than j^ooth 
of its weight of diastase. ^ One part of this substance suffices to 
convert 2000 parts of starch into dextrin, and subsequently into 
sugar (Persoz and Payen) ; the temperature of 150° F. is most 
favourable to the change, at>fl at 212® this conversion is arrested. 

Long before the discovery of diastase, the distillers had fouiuL 
that by mixing a portion of unmalted barley wdtlj, their malt, and 
digesting the mixture in warm water for some hours, they obtained 
an infusion or wort equally sweet wdth that furnished by an equal 
weight of malt : i part of malt having the power to change into 
sugar the starch contained in 4 or 5 parts of barley. Now unraalted 
barley contains but very little sugar, whereas after it has been 
malted the proportion of sugar is much increased, whilst that of 
the starch is diminished. Malt is simply barley allowed to germi- 
nate up to a certain point; after which its growth is suddenly, 
checked by the application of heat; and it contains a considerable 
quantity of diastase which has not been expended in the conversion 
of its starch into sugar. When the mixture of ground malt and 
barley is digested with water or mashed, this excess of diastase 
acts upon the starch of the unmalted barley, converting it first 
into dextrin, and subsequently into sugar ; a saccharine liquid is 
thus obtained which is susceptible of fermentation. The pre- 
paration of such a sweet wort is the first step in the process of 
brewing. In malted barley this saccharification of the starch has 
already taken place during the act of germinatidn, and simple 
digestion in water extracts the sugar. But since raw barley is 
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less expensive than malt, a certain quantity of it is often sub- 
stituted for a portion of the germinated grain by the distiller, who 
sometimes adds as much as 4 parts of unmalted grain to i of 
malt, and thus eflFects a considerable pecuniary saving. 

(939) Action of Ferments . — The exact manner in which 
diastase tacts in producing this singular cliange is unknown, and 
the same may be said of the mode, in which sugar is converted 
into alcohol and carbonic acid through the intervention of yeast. 
These actions, hbwever, exhibit considerable analogy with each 
oth^r, and are connected in some way with the decomposition of 
tlie matter serving as a ferment. Moist yeast and moist diastase 
botli very rapidly undergo decomposition. Diastase, when in a 
state of decay, however, produces changes on other matter entirely 
distinct fram the transformation of starch into dextrin, and an 
examination of these changes has thrown considerable light on the 
obscure subject of ferments in general. 

It has already been stated that if dextrin be,, acted on for some 
time by diastase, it is wholly converted into fruit sugar, but in a 
certain stage of ita decomposition diastajie may give rise to products 
of a different kind ; it occasionally converts the dextrin into gum 
instead of into sugar ; at other times manuitc is formed; whilst in 
other cases the starch is converted firsh-inio sugar, and this compound 
I is then rapidly transformed into lactic acid. These observations 
appear to indicaj;e that the same body during its different states of 
decay may give rise to tlu^ formation of products quite different in 
properties from each other, though all these products, except 
mannitc, have the same ultimate composition. Hence it has 
been concluded, that the formation of each of these compounds 
corresponds to a particular phase of decay in the ferment ; and it 
has been supposed that the molecular constitution of all bodies in 
contact with a ferment, provided that they be susceptiblejof change, 
.undergoes alterations definite in their .nature, and dependent upon 
the peculiar mode of decomposition which the ferment is itself 
experiencing. If this explanation be admitted, it is easy to see 
why in many instances the products of fermentation are of a more 
or less mixed njCturc, according as the ferment itself has passed 
through more or fewer phases of its decomposition. 

(940) Prepofration of Malt . — Upon the proper management of 
the process of malting much of the success of the subsequent 
brewing depends. The seasons most favourable for malting are 
spring and autumn, when the temperature is neither very high nor 
very low. The barley first undergoes the operation of steeping. 



PREPARATION OP MALT. 


81 


This is effected in stone troughs, where tlie grain is covered with 
water to a depth of about six inches. The lighter and decayed seeds 
float, and are skimmed off, whilst the sound grain, being heavier 
than the w ater, subsides. The steeping is continued until the grain 
becomes uniformly soft, and tliis occupies generally from forty to 
sixty hours, the water being changed twice or thrice.^ During 
^this stage, the barley sw^ellsjcoiisiderably from the moisture which 
it imbibes, and increases in weight nearly one-half. After a 
final wasliing it is drained and then couclted, or placed in 
heaps of about fifteen inches in height upon the floor. In 
these heaps it becomes warm, and continues to swell for the next 
twenty-four hours : by this time it begins to sprout ; as soon as 
the first whitish protuberance shows itself, the heaps are evenly 
distributed over the floor of a darkened apartment, and^hc process 
termed sweating follows. In this state it is allowed to remain 
several days, usually fourteen ; the workmen turning it twice or 
thrice daily^with wooden shovels. This step is employed for the 
purpose of ecpializing the heat, in order that the process of germi- 
nation may proceed at aU points with equal ^rapidity. By this 
manipulation the temperature is maintained at a point varying 
between 55^ and 62°. In from ten to twenty days, according 
to the heat of the weather^ the germination is complete ; and as 
soon as the I'adicle or acrospire, as the maltster calls it, has sho<^ 
to the length of about half an inch, when it bifurcates, and just as 
the plumula or leaf-shoot is about to make its appearance, the 
vitality of the seed is extinguished by ra])idly drying the grain. In 
order to eflect this object, the malt is spread, to the depth of about 
tw^o inches and a half, upon floors made of perforated metallic 
plates. Here it is left to dry in a curr6nt of air for some 
hours, at a temperature not exceeding 90° ; at the end of this time 
a fire is lighted underneath. It is necessary that the greater 
part of the moisture be, expelled before the fire be kindled: 
afterwards the heat is allowed to rise gradually, but not to 
exceed 140®, otherwise the starch of the grain would be acted 
on, and much of the diastase would lose its efficacy. High dried 
malt is subjected to a much higher temperature, and is actually 
scorched on. the outside. Such malt, however, is used only in 
small quantity as a colouring ingredient, to give the customary 
deep brown tinge to porter. During the drying, which occupies 
two or three days, the grain requires frequent stirring, in order 
that the desiccation may take place regularly. Barley generally 
yields about 80 per cent, of malt after drying and sifting from the 
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radicles. According to Dr. Thomson, 1 2 per cent, of this loss is due 
to water ; only 8 per cent, being actually wasted in the form of 
carbonic acid and trimmings. During the germination, oxygen is 
aljsorbed, and a large quantity of carbonic acid is set at liberty. 
Other grains, such as wheat, oats, rye, and even Indian corn, may 
be malted, biit experience has shown that barley is the grain best 
adapted to this process. It yields the largest quantity of diastase, 
although this does not exceed of the weight of the grain. 

The diastase appears to be developed at the expense of the azotised 
constituents of the grain. It is generated chiefly in the neigh- 
bourhood of the young germ, not of the rootlet. 

According to the experiments of Mr. Lawes, of Rothamsted, 
100 parts of dry barley yield 90*22 of malt, and 3*99 of malt and 
kiln dust.^ It is remarkable that the malt Inist, consisting chiefly 
of the radicles of the seed, carries off with it a great deal of the 
nitrogen of the grain, amounting to nearly one-ninth of the entire 
([iinntity contained in the barley. The loss in nitrogen which 
barley suflers in becoming converted into malt rises to as much 
as .13*5 per cent, of the total quantity of nitrogen contained in 
100 parts of dry barley. Mr. Lawes found the nitrogen in the 
barley to amount to 1*78 per cent, of the weight of the dry 
grain; that contained in dry malt bejing 1*70 per cent. 

(941) Tmilin (C24II21O21 ; Parnell). — The roots of many plants, 
among which are tliose of the dahlia, elecampane {inula helenium), 
colchicum, dandelion, and chicory, contain a variety of starch, to 
wdiich the name of inulin has beeii given. It is a white, pulverulent, 
inodorous, tasteless powder, insoluble in alcohol, sparingly soluble 
in cold water, but readily so in boiling water, from which it is 
deposited again on cooling in a pulverulent form. Its solution 
produces left-handed rotation upon a ray of polarized light. By 
long boiling it assumes the characters of gum. If heated beyond 
*iJ2® it melts, gives off water, and leaves a scaly, sweetish, gummy 
mass, which is readily soluble in water. Iodine turns inulin 
yellow. By boiling with dilute acids it is converted first into 
dextrin, and then into grape sugar. If heated with nitric acid 
in the concentrated form, it is converted into oxalic acid. It 
forms an insoluble precipitate when its solution is mixed with one 
of ficetate of lead and ammonia is added. Mr. Parnell obtained 
two different conapounds in this manner, which when dried at 212® 
contained, 3 PbO, and 5 PbO. 
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{942) Gum is found in the juices of almost all plants, hut is 
met with in its purest form in transparent tears, which exude from 
various species of aq^cia. Gum arabic may be taken as its type. 
This variety of gum is frequently described under the name of 
Arabin (CigHnOn). It is soluble in water, forming a tasteless, 
ropy, mucilaginous liquid, which from its adhesive qu^ity often 
forms a useful substitute fo]^ paste or glue. A solution of gum 
arabic produces left-handed rotation of a polarized ray. It is not 
susceptible of the alcoliolic fermentation. A solution of arabin is 
precipitated by alcohol and by ether in white fiocculi, or if dilute, 
in the form of a' milky turbidity. If boiled with dilute sulpfiuric 
acid, it is gradually converted first into dextrin, and then into 
grape sugar ; concentrated nitric acid converts it into mucic and 
oxalic acids, showing its relation to sugar of milk in t’#is respect : 
iodine does not alter its colour. It forms soluble compounds 
with the alkalies and alkaline earths; a solution of gum when 
mixed with jane of subacetate of lead produces a curdy precipitate 
(PbO, Ci2HhOii). Many other metallic salts, such as persulphate 
of iron and nitrate of ^mercury, also precipitate its solution. 
Mucilage or bassorin is a modification of gum which is insoluble 
in water ; but, when moistened with this liquid it swells up into a 
gelatinous mass. It is abundantly contained in gum tragacanth, 
and accompanies the gum whicdi exudes from the cherry tree^ 
Many seeds, such as linseed, quince-seed, and certain roots, such as 
those of the marsh-mallow, contain it in large quantity : alkalies 
naider it soluble in water, and appear to convert it into true gum ; 
long boiling in water has a similar eft’ect. Bassorin is precipitated 
by alcohol, sub-nitrate of mercury, proto-chloride .of tin, and sub- 
acetate of lead. Nitric acid converts it into mucic and oxalic acids. 

(943) Vegetable Jelly (formerly called pectin ), — Another 
principle which, like stai’tjh and gum, extensively pervades the 
vegetable kingdom, is that peculiar body which gives to the juice 
of many succulent fruits and roots the faculty of gelatinizing. 
Braconnot first called attention to this substance under the name 
of pectin; it has since been particularly studied by Mulder and 
by Chodnew ; and by Fremy, especially in relation to the ripening 
of fruits. (Ann, de Chimie^ III., xxiv. ^.) 

According to the last-mentioned chemist, the cellular tissue of 
many fruits, and of turnips, carrots, parsnips, contains a sub- 
stance wliich he terms pectose, and which is quite insoluble in water, 
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alcohol, and ether. It possesses the characteristic property of 
becoming converted, under the influence of dilute acids, aided by 
a gentle heat, into pectin. 

Pectin may be obtained from the juice of ripe pears or apples 
by throwing down the lime which they contain by the cautious 
addition^of oxalic acid, and then adding a concentrated solution of 
tannin so long as it occasions a prepipitate ; the albumen is thus 
coagulated, and may be separated by filtration. On adding alcohol 
to the clear liquid, the pectin is thrown down in the form of 
gelatinous strings. If this precipitate be redissolved in cold water, 
and again precipitated by alcohol, it may be obtained tolerably 
pure : when dry it forms a friable mass, which is soluble in water, 
but insoluble in alcohol and in ether. Its aqueous solution is some- 
whfit visc^'us : it gives a gelatinous precipitate when mixed with 
basic acetate of lead, but none with the neutral acetate of this 
metal. Pectin exerts no action on polarized light. When boiled 
with water it loses its viscosity, and becomes converted into a 
modification {parapeciin), which occasions a precipitate in a solution 
of neutral acetate of lead. If boiled with dilute acids, an isomeric 
substance [metapectin) is formed, which occasions a precipitate 
when mixed with a solution of chloride of barium. 

Pectic acid (2 HO, Cy 2 ll 2 o 028 ; Premv). — All the above modifica- 
tions of pectin are rapidly converted into pectic acid by being treated 
with a solution of a caustic alkali, or of an alkaline carbonate, care 
being taken to avoid any excess of the alkali. Pectic acid is 
characterized by its gelatinous nature, whence, indeed, it deiives 
its name (from wtiktic, a jelly). It forms soluble compounds with 
the alkalies, but they do not crystallize ; the other pectates are 
insoluble. Pectic acid is likewise soluble in many of the salts of 
the alkalies. It is most easily obtained by boiling the washed pulp 
of carrots or turnips in a weak solution of carbonate of soda ; 
pectatc of soda is thus formed by the action of the alkali upon 
the insoluble pectose containcfl in the vegetable tissue; and on 
mixing the solution with chloride of calcium a gelatinous pectate 
of lime is precipitated. This is to be well washed, and treated 
with dilute hydrochloric acid, which removes the lime, leaving the 
j)ectic acid as a transparent insoluble jelly. 

If this jelly be long boiled with water it is gradually dissolved, 
and a deliquescent insoluble acid is the result {parapectic acid), 
which yields a precipitate with chloride of barium. Parapectic 
acid in its turn, when treated with alkalies, passes into another 
uucrystallizable acid, the meiapeetic, which has a strongly sour 



VARIETIES OP PECTIC ACID. 


85 


taste ; it is no longer precipitable by chloride of barium, though 
it yields a precipitate with subacctate of lead. 

According to Fremy, pectin is susceptible of a specific fermen- 
tation, produced by a peculiar substance which is present in the 
cellular tissue of the vegetable. Tliis change is not attended by 
any disengagement of gas, but simply by the conversion of the 
soluble pectin into two gelatinous acids, which are insoluble in 
water : one of these acids Ke terms pectosic acid. It is almost 
insoluble in cold water, but becomes dissolved# by boiling water, 
and the liquid gelatinizes on cooling. This acid appears to be 
the one formed®in the first instance, but it gradually passes *in to 
a second, which is the pectic acid already described ; the gela- 
tinizing of many juices of fruits arises from the gradual con- 
version of the pectir/ which they contain into these ^gelatinous 
acids. Tlic composition of these gelatinous bodies cannot be ssiid 
to be established with certainty ; since there is no means of deter- 
mining whether or not they have been prepared in a pure condition, 
nor is it easy to procure them in a uniform state of desiccation. 
But whatever may be the true composition of, these bodies, it is 
clear that pectose is readily susceptible of modification under the 
influence of acids, of alkalies, and of a peculiar ferment contained 
in the plant or fruit itself; ,and these modifications are probably 
connected with the assimilation or separation of the elements of 
water. None of these compounds exert any rotatory action upon 
polarized light, a character which indicates an important molecular 
distinction between them and the class of sugars. All these 
closoly related bodies, it may be observed, contain oxygen in larger 
proportion than would be required to convert thejr hydrogen into 
'water. When treated with nitric acid they furnish mucic and 
oxalic acids. 

Fremy assigns to these different bodies the composition given 
in the following table, but the formulie require confirmation 

Pectose Composition unknown. Not gelatinous, 

Fectin 8 HO Viscous. 

Parapectin .... ^^641^40^^56* ^ gelatinous. 

Metapcctin . . . . CJ64II40II56* ^ Not gelatinous, 

Pectosic Acid . . . 2 HO, CggHgoOog, HO Gelatinous. 

Pectic Acid . . . . 2 HO, CggUgoOng Gelatinous. 

Parapectic Acid . . 2 HO, C34H,50l, Not gelatinous, 

Metapectic Acid . . 2 HO, Cg H^ O^ Not gelatinous. 

§ IV. Cellulose and Woody FipRE. 

(944) Cellulose (CaeHgoOgo).— If a thin slice of wood be 
examined under the microscope, it is immediately apparent that it 
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is not a homogeneous structure, but that it is composed of a 
cellular or fibrous substance, the texture of which assumes a dif- 
ferent appearance, according as the slice has been cut across the 
grain of tlie wood, or parallel to it. This ligneous fibre, or true 
woody matter, consists, according to the researches of Payen, of 
two essentially distinct portions. One of these, which has received 
the name of cellulose, is the basement tissue, found in all vege- 
tables ; it is nearly pure in cotton, linen, elder pith, and in the 
pitli of the Aralie Papyrifera (Hooker), from which rice paper is 
prej)arcd \ the other is a deposit of incrusting matter which lines 
the interior of these cellules in amorphous layers, Ulrying in thick- 
ness according to the age or character of the ligneous substance. 

Cellular tissue forms the groundwork of every plant, and when 
obtained yi its pure state, its composition bs the same, whatever 
may have been the nature of the plants which furnished it, though 
it may vary greatly in appearance and physical characters ; thus it is 
loose and spongy in the succulent shoots of germinating seeds, and 
in the roots of plants, such as the turnip and potato ; it is porous 
and clastic in the pith of the rush and the elder ; it is flexible and 
tenacious in the fibres of hemp and ftax ; it is compact in the 
branches and wood of growing trees, and becomes very hard 
and dense in the shells of the filbert, the peach, the cocoa-nut, and 
the Phytelephas, or vegetable ivory. Vegetable cellular tissue, in 
its succulent form, is easily digestible, but where it has become 
compact and incrusted with true w^oody matter, as in the husks 
of the seed, and in the hard portions of the stems, and even when 
simply condensed into tenacious fibres, like those of hemp^ and 
flax, it is no longer digestible, or in a condition to serve as nutri- 
ment to the higher orders of animals. 

It is scarcely possible to obtain cellulose in a state of purity 
from ligneous tissue by artificial means, since the incrusting 
woody matter, when once deposited wdthin its meshes, is retained 
ii^'ith great obstinacy ; but it is presented in a pure condition in 
finely carded cotton, in linen, and in the finest kinds of filtering 
paper ; to these sources the chemist usually has recourse when he 
desires to examine the properties of cellulose. 

Pure cellulose is a white, tasteless substance, insoluble in 
water, alcohol, ether, or oils. It is heavier than water : its fibres 
are transparent, and exert a depolarizing influence upon a ray of 
polarized light. Cold concentrated sulphuric acid dissolves it, 
and produces a treacly liquid, converting it at first into dextrin, 
and subsequently into grape sugar. Weak acids exert but little 
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effect upon cellulose, but the action of these and of all other sol- 
vents is materially greater upon the recently formed cellules than 
upon the old ones. Alkaline liquids when dilute do not act upon 
cellulose, but when concentrated they gradually destroy its texture. 
A solution of chlorine acts but very slowly upon cellulose. 

Cellulose, in its natural state, is not coloured blhe bj iodine ; 
but after it has been digested for a short time with sulphuric 
acid, it becomes of a fine blue when free iodine is added. This 
reaction is sometimes serviceable in the microscopic examination 
of vegetable tissues ; cellulose being thus easily distinguished from 
tissues into the composition of which nitrogen enters. By* the 
prolonged action of sulphuric acid, the property of being coloured 
1)1 uc by iodine disappears, the dextrin and sugar which are 
formed, not being susc cptible of the blue coloration. 

The reactions with nitric acid about to be described, show that 
the formula of this substance cannot be less than C3i}ll3„03o* 

(945) Pyroxylin or Gun Cotton (C3(jll2i, 9 NO4, O30, Iladow). 
— When cellulose in any form, such as cottoi^, tow, linen, saw- 
dust, or paper, is dippetf into a mixture of equal measures of 
oil of vitriol and of nitric acid of sp. gr. 1*520, no change of form 
ensues, but a remarkable cl^pmical alteration takes place ; a cer- 
tain number of equivalents of hydrogen are abstracted, and an 
equal number of equivalents of peroxide of nitropm (NOJ supply 
their place. The fibre in undergoing this change becomes 
increased about 82 per cent, in weight (Iladow), and acquires 
completely new properties. In order to prepare this remarkable 
body, called gun cotton by its discoverer, Schoubein, 1 part of finely 
carded cotton is immersed in 1 5 parts of a mixture of equal mea- 
sures of strong nitric acid (sp. gr. 1*5), and sulphuric acid (sp. gr. 
1*845). The cotton must be completely immersed in the mix- 
ture, otherwise it becomes so hot as to undergo instant decomposi- 
tion. After a few minutes^ immersion it must l>e plunged into \ 
large volume of cold water, and then washed, so long as the least 
trace of acid is perceived when the moist pass is placed upon 
litmus paper ; it is then carefully dried at a temperature below 2 \ 2®. 

Pyroxylin, as thus prepared, scarcely differs from unchanged 
cotton in appearance ; it is white and fibrous, rather harsh to the 
touch, and when examined by the microscope in a beam of polarised 
light, it is found to have lost the property of depolarization which 
ordinary cotton possesses. It is somewhat hygroscopic, but when 
dry it is an excellent insulator of electricity, and becomes highly 
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electrical by the mere operation of pulling it out in the fingers. 
Pyroxylin is insoluble in water, alcohol, and dilute acids, but it is 
soluble in acetic ether and in acetate of methyl. Potash dissolves 
it freely, and the solution contains a quantity of sugar and a mix- 
ture of nitrate and nitrite, as well as of oxalate of potash. Am- 
monia, when ‘mixed with ether, also dissolves it, and leaves it by 
spoil tancl)us evaporation in a pulverulent form. The solution in 
potash contains a peculiar acid (reseibbling the saccharic), which 
yields an insolub]|p precipitate with acetate of lead. The alkaline 
solution of pyroxylin, when mixed with ammonia-nitrate of silver, 
and ‘gently heated, reduces the silver in the form of a film upon 
the surface of the glass, producing a brilliant mirror-like surface ; 
carbonic acid is disengaged with elfcrvo«^^i^^e during the re- 
action upon the silver salt. 

Strong sulphuric acid dissolves pyroxylin in the cold without 
the evolution of gas, and the liquid is not rendered turbid by 
dilution. If the pyroxylin be pure, the solution is colourless, 
but it is brown if any unaltered fibres of cotton remain in the 
mass. Nitric acid in the cold is without action upon it, but if 
the acid be heated, it gradually dissolvhs the pyroxylin, and on 
dilution deposits it again. By boiling it 'with the acid it is decom- 
posed, red fumes escape, and dilution^thcn causes no precipitate. 
Pyroxylin may be reconverted into ordinary cotton, according to 
\he observation of Mr, Hadow, by digestion at ordinary tempera- 
tures in an alcJliolic solution of hydrosulphide of potassium 
(KS, HS), and the change may be eflected still more rapidly if 
heated with it. M. Becharap found that a similar reduction takes 
place when the pyroxylin is acted upon by protochloride of iron. 

The most remarkable property of pyroxylin is the facility with 
w hich it takes fire, and the rapid and complete manner of its com- 
bustion. In the open air it burns with a flash, but without either 
smoke or report ; a temperature just below that of 400° is siiflScient 
tt> inflame it, being nearly 200° less than that required to ignite gun- 
powder. In the open air, pyroxylin burns more rapidly than gun- 
powder, but if coi^pressed so as to form a fusee, its rapidity of 
combustion may be reduced below that of powder, and the more 
it is compressed the slower is the combustion. If it be fired in 
a confined ’space it produces violent explosive effects/ from the 
suddenness of its combustion, and from the large quantity of 
gaseous matter which it furnishes. The extreme suddenness of its 
inflammation, and the short space of time during which its pro- 
pulsive force is exerted, produce both greater strain upon the gun- 
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barrel, and less effect upon the ball, in consequence of which it 
appears to be less eligible as a projectile agent than gunpowder. In 
certain cases, such as in mining operations in hard and brittle 
rocks, it may be beneficially employed, as it may be driven into 
borings above the head of the miner, and if mixed with nitre in 
quantity sufficient to convert the whole of the carbon into car- 
bonic acid, it produces much le^ fume and noxious ^ses than 
gunpowder; in addition to* which it has the great advantage of* 
leaving no train^^ by leakage from the vessels yi which it is stored 
up. Exposure to damp and even prolonged immersion in water, 
produces no deterioration in the explosive quality of this compound 
when it is again dried. 

During the combustion of pyroxylin a large volume of steam 
is generated, mixed with a variable proportion of carbonic acid, 
carbonic oxide, and nitrogen gases; traces of nitric acid and of 
cyanogen are also formed. Considerable dificrence prevails in the 
statements of difterent experimentei's respecting its propulsive 
power as referred to that of gunpowder : all agree that weight for 
weight its explosive force is much greater, some say three times 
as great, others four times* that of the best musket powder. Accord- 
ing to the experiments of a Commission appointed by the French 
Government to examine the^ question, the explosive power appears 
in some measure to depend upon the degree of compression of the 
pyroxylin in the charge ; as a mean result, the pyroxylin produced an 
effect equal to that of about three times its weight of gunpowder. 

The results of Mr. Hadow^s experiments, (Q. /. C/iem. Soc., 
vii., ao8), serve to explain the conflicting statements relative to 
the properties and composition of this remarkable substance. It 
appears from this enquiry that the. composition of gun cotton differs 
according to the degree of concentration of the acids employed in 
its formation, and that at least four difterent and definite com- 
pounds may be formed, having the following eomposition : — 

^ f “no. I 

® { 8 %. 

' • ^ [ 'V I 

D = C„ [ fljO. I 

When equal measures of the sulphuric and nitric acids are 
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employed, each in the highest degree of concentration, the com- 
pound A is formed : it is highly explosive, soluble in acetic 
ether, and insoluble in any mixture of alcohol and ether. If the 
acids used be of a strength intermediate between HO, NO5 + 

2 (HO, S03)-j-3 aq, and IIO, N05-h2 (HO, S03)+4 aq, the 
compound B is produced : it is less explosive than A, is insoluble 
in acetic acid, but soluble in a mixture of seven parts of ether and 
one part of alcohol. Mixed acids of the strength HO, NOg-h 
2 (HO, SO3) + 4 ;\q, produce the eoinpound C, which is largely 
soluble both in ether, and in glacial acetic acid : it is highly 
combustible, but scarcely explosive. The compound D is formed 
when acids containing five equivalents of water are used : it is 
soluble in ether and in glacial acetic acid : the ethereal solution 
-on evaporation leaves an opaque white film; but the ethereal 
solutions o^ all the other varieties leave a transparent film when' 
allowed to evaj^orate. 

M. Bechamp {Ann. de ITT., xlvi. 338), still adheres to 

the formula (C2,4lli7C)|7, 5 NO-,) proposed by Pelouzc, as represent- 
ing gun cotton (the compound Avhicli contains the largest amount 
of NO4); but his analytical results do no£ satisfactorily accord with 
the formulje which he adopts, and cannot be reconciled with the 
occurrence of nitrite of potash in thp solution which is formed 
when gun cotton is treated with a cold solution of the alkali. 

^ Collodion . — The solution of pyroxylin in a mixture of ether 
and alcohol is known under the name of collodion. When this 
solution is exposed to the air for a few moments in the form of a 
thin layer, the solvent evaporates, leaving the pyroxylin as a trans- 
parent membranous pellicle. Collodion has been applied to 
excoriated surfaces, for the purpose of forming an artificial skin 
in order to protect them from the action of the air; but its 
most extensive application is in the preparation of a sensitive trans- 
parent surface for the reception of photographic images (884), 
by difl'usion over plates of glass, after it has been duly impreg- 
nated with a soluble iodide. On immersing the film into a solu- 
tion of nitrate of silver, the wh(»le surface becomes impregnated 
with iodide of silver in the most favourable condition for the recep- 
tion of photographic impressions. According to Mr. Hadqw, the 
compound B is that which is best fitted for 4:he preparation of 
photographic collodion. The temperature at which the compound 
is formed, has a very material influence upon the mechanical qua- 
lities of the collodion. If the temperature be not raised to 120® 
or upwards the solution is viscid and glairy, and does not diffuse 
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itself readily over the glass. The successfeil preparation of a good 
photographic collodion requires attention to a number of minute 
precautions, many of which are detailed in the paper of Mr. 
Hadow already quoted. 

(946) Nitrous Derivatives from Sugar ^•c., allied to^ Pyroxy- 
lin . — Other substances besides ^cellulose may be converted into 
bodies more or less analogous to pyroxylin, by the action of* 
a mixture of nitric and sulphuric acids. Powciered cane sugar is 
converted by the same mixture of acids into a bitter yellowish 
mass of resinous appearance : it is very slightly solulde in 'vfater, 
and according to Sobrero contains 2 NO4, Oj^. A‘ some- 

what similar compound may be formed from gum arabic, and also 
from milk sugar. If starch be treated with concentrated nitric 
acid it is rapidly dissolved, and if the viscid solution thus obtained 
be immediately diluted with water, a white tasteless insoluble pre- 
cipitate is occasioned, termed Xyloidin^ which ai)pears to be a com- 
pound of starch and peroxide of nitrogen, CiaHg, 2NO4, Ojy, ana- 
logous to the foregoing. But the most remai^able body belong- 
ing to this class is one which is produced when mannite is acted 
iipon by the mixture of nitric and sulphuric acids. It is insoluble 
in water, but is readily dissolved by boiling alcohol; the nitro- 
mannite (Cyll4, 3 NO4, Oy) crystallizes in tine needles as the solu- 
tion cools. This compound explodes powerfully by a blow from 
a hammer. If gently heated it may be meltec!, but at a higher 
temperature than that required for its fusion, it explodes, and 
produces red vapours. 

In all these cases it will be observed that the derivative 
nitrous compounds are produced by the substitution of a variable 
number of equivalents of hydrogen by an equal number of equi- 
valents of peroxide of nitrogen ; each equivalent of nitric acid, 
when acted upon by an equivalent of hydrogen derived from the 
organic body, yielding one equivalent of water and one of peroxiSc 
of nitrogen ; NO5 + II = NO4 + HO. The water is absorbed 
by the sulphuric acid contained in the mixture ; and the acid, 
after its action upon the organic compound, is found in all cases 
to have become diluted by the water thus removed from the body 
submitted to its influence. The addition of the sulphuric acid in 
these e^ses has two advantages, one being the removal of the 
water produced by the reaction ; the other, the prevention of the 
solution of the new compound, and its further alteration by the 
nitric acid. A mixture of nitric and sulphuric acids is now fre- 
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quently employed for the purpose of obtaining compounds in 
which ls()4 is substituted for hydrogen: nitroglycerin (CgHg, 
a 1S 04, C\ } Dc Vrij) and various other compounds may be obtained 
in this manner witli facility ; the reaction however requires careful 
watching, as it is apt to become tumultuously violent, and some- 
times, as in the ease of nitroglycerin, the compounds which are 
formed arc liable to explode during their preparation. 

(947) LiGNiN.1 — The incrusting matter contained within the 
cellular tissue, which gives hardness to wood, is most abundant in 
the heart-wood of trees, and in the hard shells of many varieties 
of nuts. This substance appears to be a mixture of several proxi- 
mate primuples; it contains a larger proportion of hydrogen 
than celhilqsc, the proportion of oxygen being insufficient to con- 
vert the whole of the hydrogen into water. This incrusting 
matter doi^s not api)car to have a uniform composition in all 
woods. It is, how(‘vcr, ahvays cliaractiirizcd by being soluble in 
alkaline licjuids, though it is insoluble in water. Sulphuric acid 
chars it, and an aiyicous solution of cldorine attacks and dissolves 
it. Wlien submitted to distillation in close vessels, it evolves 
acetic aend ; and it Ls found that the harder the wood, and t\m 
lai’ger the proportion of this incrusting substance which it con- 
tains, the greater is the proportion of acetic acid which is fur- 
nished wdien ecjual weights of dillercnt woods arc subjected to 
d(‘struetivc distillation. AVlu ii ligneous fibre is heated with hydrate 
of potash an oxalate and acetate of the base are formed. 

Tlic ligneous matter is generally deposited in a state of mix- 
ture with a variable quantity of resinous matters, which colour 
the wood and increase its inflammability. A certain proportion 
of saline matter is also contained in the deposited fibre, as well as 
small quantities of compounds containing nitrogen. 

The applications of cellulose and of ligneous fibre in the arts are 
ntimcrous and of great importance. Besides its every-day use in 
the form of wood, the fibre constitutes the basis of all linen, 
cotton, and hempen goods ; and after these substances have ceased 
to be serviceable as textile fabriiTS, they are still, in the hands of 
the paper-maker, convertible into a material scarcely less valuable. 

(948) Paper-makhiy. — The rags which are employed in the 
manufacture of paper are sorted, according to the material of 
wliich they consist, into linen, cotton, hempen, and woollen, and 
are afterwards further sejiarated into white, coloured, and black. 
The scams and knots are cut out, and the rags are then well 
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beaten to get rid of dust and dirt. Coloured rags can be em- 
ployed in the preparation of writing-paper if they be first bleached 
by the action of chlorine, which is often applied to them in the 
gaseous form. For this purpose they are moistened, and placed 
on perforated shelves in wooden or ^one chambers, into which 
the gas is transmitted. An excess of chlorine must be/> carefully 
avoided, as it is liable to enter into chemical combination with 
the fibre, and by displacing a j)ortion of the hydrogen, to form a 
substitution compound, which, being destitute of* tenacity, forms a 
brittle paper. Frequently, however, the rags, after having been 
reduced to the form of pulp, arc bleached by means of chloride of 
lime. In all (;ases it is necessary to ensure the removal of the last 
traces of chlorine, which would not only cause the paper to become 
brittle, but when the paper is used for manuscript purposes, would 
gradually discharge the ink. The removal of the chlorine is 
effected by the addition of a small (jiiantity of sulphite or of 
hyposulphite of soda ; by which the chlorine is converted into 
chloride of sodium, and the sulphite into sulphate of soda, whilst 
sulphurous acid is set free ; — 

2 .(NuO, SO^) +^C1 = NaCl, -f NaO, SO^ -f SOg. 

The rags having been pfw^tially cleansed, either in their bleached 
or unbleached condition, are reduced by mechanical means into 
fibrous paste, or smooth uniform pulp, with wii^xu’- This pulp is 
then extended over wire strainers in a layer of uniform thickness, 
wdiich when drained forms a film of ])a{)er. If this be simply 
dried and pressed it forms b/otti/iff, or filtei'ing paper, and is too 
porous to be used as writing-paper. In order to fit it for the ink, 
it is sized, or coated with a mixture of weak fine glue and alum, 
by which means it is rendered less permeable to water. Many 
manufacturers mix the size with the pulp before it is made into 
sheets, but in this case it^ is necessary to employ a size of a dif- 
ferent description to that which is applied to the .finished sheets. 
The size which is to be mixed with the pulp usually consists of a 
mixture of three parts of a resinous soap and two parts of starch, 
to which a small quantity of alum is added. 

Of all the numerous materials which have been tried as the 
basis of paper, none has been found so well adapted for the pur- 
pose as linen rags. Straw has been used to some extent as a mate- 
rial for paper, and it was at one time thought, owing to the abun- 
dance and cheapness of this substance, that it might be made a 
valuable substitute for rags, the supply of which is becoming 
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inadequate to meet the demand ; but the loss of material, from 
its brittle nature, during the process of manufacture, and other 
unforeseen eirciim stances, more than counterbalanced the advan- 
tage gained from the abundance of the supply. 

(949) General Remarlis on Starch and Woody Fibre . — The 
facts airfaily mentioned show the ready convertibility of the 
organised bodies, starch and lignin, into others which, though of 
organic origin, are yet devoid of structure, and therefore of a less 
complicated nature. In most cases great similarity exists in the 
ultimate constitution of these bodies, many having identically the 
same composition as those from which they are derived : others, if 
not identical, differ among each other only in the presence or 
ubsenee of one equivalent or more of water. It is, therefore, not 
suq)rising<that a gradual transition should occur from the elabo- 
rate arrangement of the dense and compact tissue of the wood 
into the comparatively loose texture and low organization of 
starch; the ligneous tissue undergoing modifications of density, 
w hich gradually diminish from the com])act structure of the lignum 
vitm to the spon|t;iy cells of the fungus^ or lichen. The tissue of 
the Iceland moss, for exampk^, jmesents a close analogy with starch ; 
it is gi’iidually disiiitc^gratcd by boiling, it swells up to a gelatinous 
mass, and yields a magma colourable* by iodine: thence w^c arrive 

^at true starch, and gradually, as the organization of this body is 
broken up by thc|succcssive action of chemical agents, the addition 
of iodine produces a coloration less and less intense, until in the 
perfect formation of dextrin it disappears altogether ; and at length 
in cane sugar, in place of the cellular stnictm'e, crystalline form 
becomes appai*ent. 

(950) On the Decay of Woody Fibre, and the means of pre- 
venting it . — ^When wood in a moist state is exposed to the air, it 
gradually undergoes decomposition; a, species of fermentation is 
occasioned by .the nitrogemized constituent^, in consequence of 
which oxygen is absorbed, carbonic acid and water are exhaled, 
and the wood crumbles down into a blackish brown, vegetable 
mould, called humus, ulmin, or gein. This decay occurs most 
rapidly in young spongy wood, as this contains a proportionately 
larger quantity of the albuminous substance than the harder and 
older portions. 

These clianges arise principally from the porous texture of the 
ligneous constituents, and the presence of a certain quantity of 
matter containing nitrogen, and closely resembling albumen. 
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Wood, especially when under the influence of atmospheric vicissi- 
tudes, is rendered liable to decay from the decomposition of its 
albuminous component ; this circumstance favours the growth of 
lichens and fungi, and encourages the ravages of insects, to 
which the albuminous portions in particular aflbrd^the means of 
nutriment. It is obviously a matter of high importance |o protect 
the wood, as far as possible, frorii these influences. A superficial 
coating of some sulistance, impervious to air and moisture, answers 
this object in great measure, so long as it is ^naintained entire. 
Such a coating is usually supplied by the application of layers of 
resinous or oily matter, which, if needful, may be thickened with 
metallic oxides ; as in the ordinary processes of tarring and paint- 
ing. But a more eflectual method of preservation consists in 
steeping the wood, sail-cloth, cordage, or other similai^ materials, 
for a given time in certain saline solutions, among which one of 
corrosive sublimate is the most eflectual. A solution of this salt, 
containing from lA.th to Vsth of its weight of the mercurial salt, 
is employed in Vyan^s process for preserving wood from dry 
rot. The oliject is stilly more completely att(tined by the pro- 
cess of M. Bouehcrie. lie cuts down the tree, and whilst 
the leaves in great measure remain attached to it, he at once 
immerses the lower extremky of the trunk in the saline liquid, 
which usually contains about i per cent, of raw acjctatc of iron, or 
sidphatc of co})pcr. The sap continues to rise tin the yet green 
wood, and carries with it the preservative agent into the minutest 
ramifications. It is not even necessary to cut the tree completely 
down ; for it sufticcs nearly to sever the tnmk close to the roots, 
and to make around the tree a sort of trough of clay, into which 
the solution is poured, and whence it is rapidly absorbed. 

Products of the Decay of Woody Fibre , — When vegetable 
mould, or mouldered wood from the trunk of a decaying tree, is 
digested in a weak solution of potash or of soda, a brown liquid ^ 
obtained, from which, on the addition of an acid, a blackish brown 
precipitate is obtained. This precipitate is readily soluble in 
alkalies, and always retains a considerable proportion of nitrogen. 
It is regarded by Mulder as a mixture of three substances, none 
of which is crystallizable, but which he considers as compounds 
of water, or of water and ammonia, with three diflerent acids, viz., 
I. Geic acid^ %, Humic acid, C4()Hi20i2; and 3. Ulmic 

acid, C4oH^40i 2. These substances are obviously the product 
of vegetable matter in stages of decay more or less advanced. 
Mulder found the brown substances formed by the prolonged 
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action of dilute acids at a boiling temperature upon sugar, to re- 
semble the ulmic and humic acids from mould, both in compo- 
sition and in properties. Besides these acids, Berzelius has 
pointed out the existence of two other allied bodies, which have 
received tlic names of crenic and apocrenic acids (from Kprivri, a 
spring) they have been found in many mineral waters, and 
accumulate in the ochry deposits that occur around the margin 
of ferruginous springs. Crenic acid (3 HO, C 24 Hi 20 ig, Mulder) 
has also been found associated with ammonia in vegetable 
mould. It forms a yellow solution, which retains ammonia with 
obstinacy, and rapidly absorbs oxygen, becoming converted 
into Apocrenic add (2 HO, C 4 gHi 2024 , Mulder) ; the latter acid 
forms a brown solution in water, and also retains ammonia strongly. 
Indeed, tliis property of retaining ammonia with obstinacy is a 
characteristic of those imperfectly defined acid products which 
arc formed during the decay of ligneous matter, and it is con- 
nected in an important manner with the functions wdiieh they 
subserve in supplying nutriment to growing vegetables, tow'ards the 
support of which contribute largely. 

By the decay of herbaceous and aquatic plants in marshy 
soils, a material somewhat similar to humus is formed, which 
accumulates in beds often of great (h'pth and extent, constituting 
peat hops. Dried peat is found upon analysis to yield a larger 
l)ro])ortion of cj^'boTi than woody fibre ; it likewise contains an 
excess of hydrogen over the oxygen. 

The process of decay in ligneous tissue is liable to couvsiderable 
variation, according as it is allowed to take place with free access 
of air, or is cfiected under water with but a scanty supply of oxygen 
from without. \Vh(‘n the atmosphere has free access, Saussure found 
that the oxygen of the air is converted into an equal volume of 
carbonic acid, while at the same time a large quantity of water 
js evolved. According to Hermaryi, a small proportion of 
nitrogen is absorbed during the process, and ammonia is gene- 
rated, The water produced is at the expense of the oxygen and 
hydrogen contained in the ligneous tissue, so that the mouldered 
product contains a larger proportion of carbon than the wood 
upon which the experiment was conducted. 

If the moistened wood be excluded from air, a small quantity 
of carbonic acid is evolved during its decay, accompanied, as in 
the former case, w ith the separation of water ; and under certain 
circumstances marsh gas (C3H4) is liberated in considerable 
abundance. 
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Coal and other Combustible Minerals. 

(95 1 ) The foregoing facts connected with the gradual decay of 
woody fibre and vegetable tissue, have a special interest, not only 
in their bearing upon the value of vegetable matter as a manure, 
but also in reference to the origin of the enormous masses of tbssil 
fuel which are stored up in the liowels of the earth, and which arc 
the result of complicated chemical changes under variable circum- 
stances of temperature, moisture, and pressure — ticting cither upon 
vegetables which grew ujion the spot, as in peat bogs now in 
process of formation, or upon the debris of trees or plants drifted 
from a distance, and aceuinulatcd in particular localities, as is now 
occurring in the deltas of the Mississip})i, and other large rivcTs. 

These deposits of fossil combustible matter may be i^iib-divided 
into — I. Pcatj 2. Fossil resins, or bitumen; 3. Lignites, or 
brown coal ; 4. Bituminous, or caking coal ; 5. Steam coal ; 
and 6. Anthracite. 

1. Pcrt/.---The* vegetable origin of this substam^e is at once 
evident on inspection. a fuel it is far infcnior to coal : when 
raised from the bed in which it is formed, it retains a large quan- 
tity of water, in consequence of which it is necessary to stack it in 
heaps, in whicli it is freely cxi)Osed to the air. Fv(m after it has 
been thus left to dry for many months, it often retains a fourth, 
of its weight of water, and yields a quantity of i^h, ranging from 
5 to 10 per cent, or upwards. 

2. Bitumen and Fossil Resins. — Tliese substances include 
amber, retin asphalt, asphalt, retinite, and many other allied bodies 
which arc chiefly contained in the tertiary strata. In many 
instances they are the jiroduets of the action of an elevated tem- 
perature upon vegetable bodies ; and when tliis is the case, they 
form irregular deposits which impregnate the strata around : under 
these circumstances, masses of igneous rock, such as basalt or 
trap, will be found in their immediate neighbourhood. In other 
cases the bitumens occur in regular beds, which a{)pcar to have 
been formed in a manner similar to the dc])Osits of true coal. 
Many lignites likewise contain the bitumens and resins dissemi- 
nated through them in small quantities. They are more or less 
soluble in alcohol, ether, and the essential oils. Altbough com- 
bustible they are not consumed as fuel. Asphalt is largely used 
in the preparation of an artificial paving material, and the finer 
kinds are employed in the formation of a species of black varnish 
or enamel for leather. 
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3. LigniteyOr Brown Coal. — This species of coal generally retains 
its woody lamellar structure to a considerable extent, though in 
this respect there are great diftcrences ; as its name implies, it has 
a brown colour. When distilled in close vessels it yields a coke 
which does not cake together, and in which the original form of 
the fragipents is preserved ; the ash is less abundant than in peat. 
The true lignites occur in the tertiar;^ strata. 

4. Bituminous or Caking Coal. — This is the most highly 
prized variety of coal, and is the most abundant product of the 
Ili'itish coal fields. It occurs above the old red and beneath the 
new'^red sandstone, in what geologists have termed from its pre- 
sence, the coal measures. There are several varieties of bituminous 
coal : some, as those of the Scotch parrot coal, are of a brownish 
black eolo^vr, and a slaty structure ; when heated in closed vessels 
they emit a large quantity of gaseous matter, and leave a coke 
which is but incompletely fused and coherent. The Lancashire 
cannel coal is another form, which is characterized by its con- 
choidal fracture,, and the waxy* lustre which it exhibits; it is of a 
dull brownish bl;f.ck colour, yields a good deal of gas, and leaves 
an imperfc^ctly fused hard lustrous coke ; these coals are highly 
prized as gas coals. Newcastle coal represents a third variety; it is 
of a full blue black colour, has a brilliant lustre, and a cubic frac- 
ture ; it burns with a bright luminous flame, and is much valued 
as household fu(|l ; it furnishes a coke which is much swollen, 
caked together, and possessed of a high lustre.* 

5. Steam Con/.- -This is a coal intermediate in quality between 
the bituminous coals and the anthracites ; it burns freely and with 
flame, giving out a steady heat, but it docs not yield sufficient 
volatile matter to be advantageously employed in the preparation 


* A romarltable bitiiininiferoaB deposit occurs amongst the coal measures in 
^he neighbourhood of Bathgate near Edinburgh, which has been sold under 
tlu* name of “ Boghead Cannel Coal,” and has been extensively employed to 
mix with inferior descriptions of coal which arc employed in the manufacture 
of c(»al gas. It contains from 18 to 25 per cent, ol an aluminous ash, which 
retains the form of the mineral when it is burned in the open fire ; when 
distilled at a low temperature m closed vessels, the mineral gives off a very 
large pro])Ortion of Tujuid hydro-carbons mixed with a certain quantity of 
dense gaseous hydro-carb('!u^. The mass left after distillation is remarkable 
for the small proportion of carbon (from 6 to 10 per cent.) which is left 
behind in the ash. A remarkable lawsuit arose upon the question whether or 
not this substance was to be regarded as a coal. The term coal, however, 
being one rather of popular than of scientific language, and not admitting of 
accurate deliuition, the opinions of the chemists, geologists, and histologists 
who were examined upon the question were divided, and the case was decided 
upon a collateral issue. 
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of coal gas. It is well fitted for use in the steam navy, since it 
does not crumble readily in the hold of a vessel during its mlling, 
ah1l it emits but little smoke. It furnishes a coke which scarcely 
cakes together, and w hich possesses but little coherence or lustre. 
Much of the Welsh coal is of this description. , 

6. Anthracite , — The stone coal, or culm, as this variety is soinc- 
times called, is found in tl^e low^est portion of the carboniferous^ 
strata. It contains but a very small portion of volatile matter, ])urns 
almost without flame with a steady red glow.* When heated, it 
splinters into small fragments, a circunistancc which often occj\j^ions 
considerable inconvenience in its application as a fuel. The most 
compact forms burn indeed with great dillicnlty. This coal i.s 
black; it has a high lustre, and often exhibits an iridescent play of 
colours ; its fracture is lamcdlated parallel to the bed from which it 
was taken, but the cross fracture is oldique or (foneboidal. The 
coke obtained from it dilfers little in ap])earanec from the original 
coal either in bulk or in weight. Anthracite is (‘xtrerncly abun- 
dant over vast tracts of North Arneru^a, but much of it is so 
compact that it is scarce! v applicable as a fuel.^ A large quantity 
of excellent anthracite is obtained from the South Wales coal 
field. 

The subjoined tables wHl give an idea of the composition of 
wood, and will illustrate the progress of its decay. Tln^y alsot 
furnish a synoptic view of the com|)ositioii of sonfe of the principal 
varieticis of coal, in the order of their oeeurrenco in snecessive 
geological stages. The proportion of oxygen, it will be seen, 
diminishes rapidly, and that of the hyiirogeii more slowly, as the 
coal passes from lignite t(uvards anthnicitc, in wliieh form it con- 
sists of nearly pure carbon. 

The amount of ash in coal is very variable. In the finest 
species of coals the fixed ash appears to be disseminated jirctty 
evenly through the mass, liut in the coarser varieties, thin seam^ 
of iron pyrites, and at other times, as in the Newport coal, 
crystallized lamiiue composed of the mixed carbonates of lime, 
magnesia, and protoxide of iron arc found. It is obvious that 
where these seams occur, their components must have been carried 
into the mass by infiltration. The ash of pure coal furnishes but 
minute quantities of the salts of the alkalies ; it usually contains 
but little lime or magnesia, the bulk of it consisting of silicate of 
alumina, with variable amounts of oxide of iron. Vaux also 
found traces of copper and lead in most of the coals which he 
analysed. 

H 2 
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§ V. On Fermentation. 

(952) Tinder the term fermentation, frequent mention has been 
made of a partieidar eliange wliich saccharine bodies undergo^ in 
consequence of wliich they become converted into carbonic acid 
and alcoh(d. Iviany other substances, however, besides sugar, are 
susceptible of an analogous change, and the term fermentation is 
now api)lied to various transformations which organic compounds 
cxperit'iice under the influence of a small quantity of organized 
matter, which is itself in a state of active alteration. This active 
substance, which is termed Vi ferment y neither imparts anything to, 
nor reecaves anything from, the substance which is undergoing 
fermentation. During this change, the body which is experiencing 
fcrmentatiqii is gradually ])roken up into two or more substances of 
simpler composition ; in certain cases the elements of w^ater are 
assimilated, in others they are separated, whilst in a third class of 
decompositions water is neither sc])aratcd nor assimilated. 

For exam])le„ when fruit sugar is jdaced in contact with 
ordinary^ yeast, the < sugar is simply converted into carbonic acid 
and alcohol, the y(^ast acting as the ferment : — 

Emil Sufiar. Cnri). Acid. Alcohol. 

12^^12 4 ^'^2 

No assimilation or separation of w^atcr occurs in this case. But 
w hen grape sugar, is subjected to fermentation, carbonic 

acid and alcohol are formed as before, and two equivalents of 
water are eliminated : — 

C, 211^0,4 = 4 CO2 + 2 (C,H A) + ^ HO. 

Again, when cane sugar is submitted to fermentation, it assi- 
milates one equivalent of w^ater, first becoming changed into fruit 
sugar, and thi.s substance is afterwards broken up into carbonic 
acid and ah?ohol as before; 

(\aHnOn + H0 = C,,IIi,0j 2, and C,2n,A2 = 4C02 + a (CJIoO,). 

The difrerent varieties of fermentation receive their distinctive 
name from the principal })roducts which they furnish : for example, 
when spirit of wine is formed from sugar, the change is called the 
alcoholic or vinous fermentatk)u ; when lactic acid is converted into 
butyric acid, .the process is termed the butyric fermentation, &c. 

In all cases of fermentation the following conditions are 
essential: — j, the presence of water; 2, a temperature ranging 
from to 90*^ ; 3, a peculiar ferment (the nature of which varies 
in the different cases) ; 4, the body which is to undergo fermen- 
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tat ion. It may be remarked, that in most instances the com- 
pounds siiseeptilde of fermentation are crystal! izable products. It 
is especially to be observed, although the ferment does not con- 
tribute any of its components to the results of fermentation, yet 
that it is itself destroyed (luring the operation ; the products of 
its decomposition being generally discernible miked ^with the 
results of the fermentation. Tliis fact has an important bearing 
upon the theory of the process, but its significance will be best 
understood by tracing the operation through it% difierent stages in 
the formation of alcohol. 

(a) Alcoholic Fer mentation, 

(953) When the juices of plants or of fruits containing sugar, 

such for instance as must (the jui(;e of the grajx^, arc k(>.pt 
at a temperature of about 70® for some hours, a change begins 
to show itself. The liquid becomes turbid, and small bubbles 
rise to the surface ; or in popular language, it begins to 
work or to* fcriuTmt. This change is due in the first instance to 
the alterations ])roduced in the albuminous aqd azotised matters, 
which all such juices contain, under the combined influences of 
atmospheric oxygen, wafmth, and moisture, ^lis azotised matter 
is decomposed, and an intestine change commences, which after 
it has once begun, continiujs in ji^csscls from w hich the further 
access of air is prevented. As the fermentati(|n proceeds a eon* 
tinual disengagement of heat is maintained, whilst a constant 
extrication of gas continues ; tliis gas, if collt‘cted, is found to 
consist entirely of carbonic acid. After a time tlic escape of gas 
diminishes, and at length ceascvs; if the lic[iiid be now examiiujd, 
the sweet taste of the sugar will have disa[)peared, and the solu- 
tion will have ac([uired a flavour more or less spirituous. If this 
liquid be distilled, the fii^i portions that come over will be found 
to contain an inflammable product lighter than water, which is 
easily recognised as dilute spirit of wine or alcohol. • 

(954) Properties of Yeast , — Upon examining the liquid whi(di 
remains after fermentation is complete, it is found to contain a 
multitude of small oval organized bodies which do not exceed 
^Iflrth of an inch in diameter, and which when viewed under the 
microscope, are seen to consist of nucleated cells presenting the 
appearance shown in fig. 332, page 106. These cells form the 
essential constituent of yeast, which is obtained in great abundance 
during the fermentation of wort in the manufacture of beer. 

Yeast is the substance which possesses, in the highest degree, 
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the power of producing the alcoholic fermentation. Its efficacy in 
this rcrspect is easily proved by the following experiment : — Dis- 
solve 4 parts of pure cane sugar in zo parts of water, and add i 
part of fr(3sh yeast ; then expose the mixture to a temperature of 
about 80"^ F. ' 111 less than an hour fermentation will commence, 
and earlionic acid will be evolved in abundance. 

Yeast, when in its active conaitioii, always exhibits a slightly 
* acid reaction ; if thoroughly washed,* the globules are much less 
active, but they agfiiu acquire activity by exposure for a few hours 
to the air, during which time the acidity is again developed. The 
addition of a minute quantity of some of the vegetable acids, such 
as the; acetic or the tartaric acid, to washed yeast, immediately 
restores its activity, but if a larger quantity of the acid be employed 
the process^of fcTmcntation is arrested. The strong mineral acids, 
particularly the sulidiuric acid, when present even in very small 
(piantity, also immediately ])ut a stop to the alcoholic fermenta- 
tion. It is also completely checked by the addition of a 
small (juantity of free alkali. JMany other (drcumstanecs likewise 
put an immediate^ sto}) to tln^ ])roccss of fermentation. For 
example: — A solution which contains more than one fourth of its 
weight of sugar, cannot lie made to ferment ; the presence of 20 
per cent, of alcohol or u[)wards, also puts an end to the process : 
the addition of a strong solution of common salt, or the presence 
ftf many metallic^ .^alts in the licjuid, sm^li for instance as nitrate of 
silver, corrosive sublimate, and suljihate or acetate of copper, check 
it immediately. The occurrence of fermentation is also prevented 
by the presence of small quantities either of oxide of mercury, of 
strychnia, or of quinia, as well as by solutions containing traces 
of sul[)hurous acid or of the sulphites. Small quantities of kreasotc, 
of oil of tur})cntine, and of many other essential oils, have a 
similar etlect. 

On the other hand, according to Quevenne, neither solution 
of arsenious acid, of acetate of lead, nor of tartar emetic exert any 
retarding effect upon the progress of fermentation. If yeast 
be boiled for a few minutes, it is deprived of its power of exciting 
fermentation. Yeast may be dried at a low temperature or by 
pressure, and preserved in this condition without losing its activity. 

Tlie part which the globules of yeast perform in exciting fer- 
mentation is extremely obscure. It is, however, certain, that the 
sugar ferments only in those points which are in actual contact 
with the globules. This fact is shown by the following instruc- 
tive experiment of Mitscherlich : — Over one extremity of a wide 
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tube open at both ends a pieee of filtering paper is tied, and tliis 
covered extremity is plunged into a weak solution of pure caiic 
sugar ; the liquid quickly penetrates the paper and rises in the 
tube, which may be supported so as not to touch the bottom ot 
the jar of syrup ; if a small quantity of yeast be now introduced 
into the tube, and the wdiole be set aside in a warm place, f^rnicnta- 
tion will be found to commence in a few hours ; but it will be con- 
fined to the portion of liquid within the tube, i. e., to those por- 
tions of sju’up wliich arc actually in contacip witli the yeast 
globules. The bibulous paper allows free eomrnnuication between 
the liquid within and w ithout the tube, but it prevents the glo- 
bules from passing into the mass of syruj) in the outer vessel. 
These globules aj)})car to be fungi or plants, of a very low^ degree of 
organization, and as such, their particles arc continuaUy under- 
going change. 

Varieties of Yeast . — According to the observations of Mit- 
scherlich, wdio has carefully watched the dcveloj)meut of the yeast 
plant under the microscope, there arc tw'o modifications of yeast : 
viz., oberhefe (surface yeast)^ jind unterheje (sediriA^nt yeast); thes(i 
twTj varieties arc propagated in difierent ways, and each produces 
sjjccific results upon the fermenting liquid. 

The unterhefe is tlu^ ferment of the Bavarian beer, whi(di is 
allowed to ferment very slowly and at a low temj)eratui’e ; the , 
formation of ufud bodies, such as the lactic and acetic acids, is 
thus avoided, and the beer is more highly esteemed from their 
absence. The unterhefe consists of isolated globules of very vary- 
ing dimensions. It appears to be pro])agated by s])or(*s thrown 
out from the larger cells, and not by buds and offshoots as is the 
case wdth the surface yeast ; the tem])crature must not be allowed 
to rise beyond 45" nor to fall bcloW' 33° F. 

Surface yeast is developed at a tiunpcraturc varying from about 
70*^ to 80^^, and is the more aptive of the two forms in producing thc^ 
alcoholic fermentation. The development of the yeast globules may 
readily be w^atehed under the microscope by placing a drop of some 
saccharine infusion, such as wort, between two jdates of glass, 
with a minute quantity of yeast. The granules will at first exhibit 
the appearance showui at a, fig. 332, where they can be seen to 
possess an outer cell wall, within which is a quantity of granular 
matter. In the course of a few hours some of these cells throw 
out buds such as are showm at d. The rapidity with which this 
development takes place, when it has once commenced, is often 
very great ; b indicates a group of these bodies, probably all de- 
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velo(K;d from the lar^e central cell \ c d shows the same group 
three hours later: within nine hours after it was first observed 
an oval patch of cellules had been formed, containing between 
seventy and eighty st^parate cells, in which the original cell was dis- 

Fia. 332. 



tinctly visible in the eentre, and flround it were grouped the new cells, 
decreasing in size towards the circumference ; each of these cells 
containc'd the granular matter above s])oken of, and fresh buds 
continued to form uj)on the exterior margin of the outer cells. 
Tlu; yeast c(;lls frequently assume a more elongated form, flattened 
fit the sides, hut they continue to be developed in the same 
manner ; both varieties may often be seen side by side under the 
microscope at the same time. The walls of these cells consist of 
a thin memlmuVxh which has the same composition as cellulose 
(Mulder) ; and within this membrane is an azotised gelatinous muss 
which here and there (‘xhibits a kind of granular nucleus. This 
granular matter is soluble in acetic acid, and may thus without 
difficulty be separat(*d from the cell membrane in which it is con- 
tained ; it may then be precipitated for examination, by neutralizing 
the solution >uth carbonate of ammonia. The contents of the 
granules may also be extracted by means of a weak solution of 
j)ota 8 h, and can be precipitated by neutralizing it with acetic acid. 
When thus obtained, the precipitate has the properties and com- 
position of protein. 

Everything that destroys the vitality of these organized bodies 
destroys their power of exciting fermentation : for this reason 
too high a temperature stops the operation, and a depression of 
tempei’ature also tempr>rari]y arrests it, though it is stated that 
even after exposunj to a cold of 10° F. the fermentation is renewed 
when the temperature is allowed to rise. 

The multiplication of the globules of yeast does not take place 
in solutions of pure sugar; on the contrary, during the process of 
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fermentation, the grannies undergo a gradual disintegration. For 
the decomposition of loo parts of sugar, between two and three 
parts of yeast, calculating it in its dry state, are required. If the 
proportion of sugar to the yeast exceed this, the excess of sugar 
remains unaltered in the liquid ; and if the cells be examined after 
fermentation has ceased, many of them will be seen to be ij^ipturcd 
and destroyed ; and a certain quantity of lactate and acetate of am- 
monia, and other amrnoniacal salts will be found in the solution. 

Mitscherlich gives the following as the eompotition of ordinary 
washed yeast ; first, when in a condition to excite fermentation, 
and secondly, in the partially exhausted state, after fermentation 
had ceased ; in both cases the ashes have been deducted : — 


Entire' cells. 


Spent yeast. 


Carbon 
Hydrogen . 
Nitrogen . 
Sulphur 


• 47*0 
. 6-6 
. 10*0 
. 0*6 


• 47 ‘6 


7-2 

5'o 


Oxygtui . . . 3,5-8 

In this experiment tl^/' nitrogen in the sffent portion w^as 
reduced to one-half of its former amount. This spent yeast, how- 
ever, still contained an excess of active granules ; hut if entirely 
exhausted, it would furnish scarcely any nitrogen on analysis. 

The inorganic matter contained in yt^ast amounts to a con- 
siderable quantity, not less than about 7*5 pJr cent, of the 
dried yeast. It consists entirely of j)hosj)hates of potash, soda, 
lime, and magnesia (Mitscherlich). 

But although the yeast globules do not raidtiply in a solution 
containing pure sugar, they become rapidly dcnelopcid in all sac- 
charine vegetable infusions during fermentation, and multijdy at 
the expense of the azotised matters which these liquids always 
contain, and which form an essential part of the nutriment of tlie 
yeast plant. Owing to this cause the quantity of yeast is increased, 
to six or eight times its original amount during the fermentation 
of beer. 

The following analyses by Messrs. Graham, Hofmann, and 
Redwood (Q. J, Chem, Soc*,v. 237), show that during fermentation 
the azotised matters in the liquid are reduced in quantity, whilst the 
yeast plants are becoming developed; — Pale malt wort, of sp.gr. io88, 
which coYitained about ai per cent, of solid matter before fermen- 
tation, yielded 0‘ai7 per cent, of nitrogen, which would correspond 
to 3*43 per cent, of albumen : after full fermentation and remo- 
val of the yeast, the nitrogen amounted only to 01 34 per cent.; 
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this was no doubt partly in the form of ammoniacal salts, but if 
all were calculated as albumen, it would amount only to 2*ii of 
that substance. 

The composition of the contents of the granules of yeast has 
already been stated to bear a close relation to that of albumen. This 
circumstance may afford some clue to the remarkable fact that yeast 
is never furnished except by the decomposition of albuminous 
matters. Various bodies which contain nitrogen furnish it when 
tliey have once b 3gun to decay. Thus white of egg, muscular tissue, 
and cheese, during decomposition in the presence of saccharine 
solutions produce these globules, and true fermentation begins. 

(9 5 5) Progress of Fermentation . — Much interesting information 
relative to the changes which solutions of sugar of various kinds 
undergo /luring fermentation may be obtained by examining them 
at intervals by means of a beam of polarized light. If a solution 
of starch sugar be mixcul with yeast, the right-handed rotation 
which such sugar possesses in its natural state slowjy diminishes, 
in a dcigree pr.oi)ortioned to the quantity of sugar which has 
undergone fernieiitation (Mits(herlieh). But if a solution of fruit 
sugar or of inverted cane sugar (929), be watched in like manner 
from time to time, the ])lienomena are more complicated ; the left- 
lianded rotation undergoes no decrease until about three-fifths 
of the sugar lias .been decomposed, after which the rotatory , power 
rapidly diminishes as the fermentation proceeds, but there is no 
inversion of the rotation. Dubruufaut, who made these observa- 
tions, remaiks that this uncrystallizable sugar must consist of a 
mixture of at least two, and possibly of more modifications of 
sugar ; one of w Inch is neutral and is that w hich is first fermented, 
the other is possessed of ieft-haiuled rotation, and docs not undergo 
fermentation until the neutral sugar has all been decomposed. — 
(Ann. de Vhiniie, 111., xxi. 172.) 

It has been already mentioned th«^t when cane sugar is sub- 
jected to the vinous fermentation, it undergoes a preliminary 
(diangc in consctpience of the necessity of assimilating an addi- 
tional e(fui valent of water. Owing to this circumstance, a much 
larger quantity of yeast is required in order to produce the fermen- 
tation of sucrose or canc sugar than is needed cither by fructose or 
by glucose. It has b(‘cn observed by Dubruufaut, that if a solution 
of cane sugar which has been mixed with yeast be examined by 
polarized light before fermentation commences, the rotatory power 
upon polarized light wdll be inverted, and it will be found to have 
become left-handed, showing that the cane sugar has assumed 
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the additional equivalent of water which it needed, and has 
thereby become converted into uncrystallizable fruit sugar. Tljc 
same change is also strikingly shown by the increase in density 
which a solution of cane sugar undergoes pqpvious to entering into 
fermentation. This circumstance was pointed out^ by Messrs. 
Graham, Hofmann, and Redwood, in their researches upon the 
decrease in density wliicli saceliarine solutions undergo during 
fermentation. (See tlieir Report upon Original Gravities, Quart, 
Journ. Chem. Soc., v. 232.) • 

It was ascertained by these chemists tliat when quantities of 
cane sugar, starch sugar, caramel, and dextrin, which contained 
equal quantities of carbon, were dissolved in Avater and diluted till 
the solutions Averc equal in weighty the density of these solu- 
tions varied greatly, as will be evddent on inspecting the following 
table : from Avhich it appears on eomjiaring together quantities 
of the different solutions, equal weights of Avliieh contain equal 
quantities of carbon, that starch sugar furnishes the densest solu- 
tion ; next to this* comes malt Avort, A^diieh owT.s,its sweetness to 
starch sugar ; then comes ^anc sugar ; whilst dcNtrin gives a solu- 
tion of smaller specific graAity; and caramel a solution the least 
dense of any of tlic substaiuM s compared together : — 


F*arta of Cane 
Siif'tir in 100 
ol solution. 

1 

Starch Suffur. 

1 

PhIo Malt 
Wort. 

1 

Cane Sugar. 

Dextrin, 

1 

Caramel. 

25 

ioio ’4 1 

1010*0 

lOIOI 

1009' 7 

1008*7 

50 

1020*8 f 

1020*3 

1020*2 

1019*3 

1017 3 

75 

103* '3 i 

J 030*6 

1030 2 

1028*8 

1026*2 

100 

1042*4 i 

1041*2 

1040 6 j 

* 03-'^'3 

* 034‘9 

125 j 

i *o53'5 ; 

1032 I 

105 1*0 

1047*9 

1043*8 

1 50 

1 T064 y 

1063*0 

1061*8 

*05: 3 

1052*8 

G 5 

10760 ; 

1074*2 

10729 

1066 9 

1062*3 

200 

1087*8 

1083*5 

1083*8 ! 

10776 ] 

1071*8 

2:5 

1099*4 

1097 2 

1095*2 i 

1086*3 

To8r*3 

! 

1 1 1 1 *4 ; 

11090 

1 106*7 ; 

1095*8 

1091*0 


Suppose for instance that 1 75 grains of cane sugar vi cre dissolved 
in water, and the solution diluted till it weighed 1000 grains ; it 
would have a sp. gr. of 1072-9. This solution if converted into 
starch sugar would become increased in specific gravity : so that a 
solution of starch sugar which contained in 1000 grains of the 
liquid a quantity of this sugar which w^ould be furnished by the 
amount of cane sugar contained in the first solution, would have, 
as is represented in the second column, a specific gravity of 1076. 

In a direct experiment, made for the purpose of observing this 
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rffectj it was found that a solution of cane sugar, to which a suf- 
ficient quantity of yeast had been added to effect its fermentation, 
and which at first had a sp. gr. of 1055, became in the course of 
an hour of a sp. gr. of 1058, though no fermentation had set in. 
In another experiment, a solution of sp. gr. 1055, containing 
Tjooth qf its weight of yeast, became increased in four days to a 
sp. gr. of icj;7'9, although no appearance of fermentation, or of 
other change, was manifest. 

WIk^ii siigarf is fermented, it is assumed in theory to be 
w holly converted into carbonic acid and alcohol ; but in practice 
this is never the case. It was foimd by the chemists just 
quoted, in three careful experiments on the fermentation of 
eaiie sugar, in which one and a half, three, and six measures of 
yeast we/;c respectively added to 100 measures of the syrup, that 
4*4, 3*7, and 3*72 per cent, of the sugar were converted into a 
brown soluble substance resembling caramel, and at the same 
time a little free lactic acid was formed. 

(/;) Fermentation of Bread. 

(95^5) Composition of Bread Stuffs .— fermentation which 
takes j)laee during the manufacture of bread was formerly sup- 
])os(h 1 to be of a.diflereut nature to that which occurs during the 
pr(q)aration of alcohol, and it was therefore described under a dis- 
tinct name, as the panarrj fermentation. It is, however, merely 
a modification of the alcoholic fermentation, which is produced 
by the action of the yeast upon the saccharine matter, which is 
cither naturally present in the flour, or is developed by the action 
of the ferment on the starch. The chemical process of baking, 
however, cannot be rightly understood without a knowledge of the 
ordinary com])osition of the principal varieties of flour employed 
in the preparation of bread. 

When corn is ground in a mill, the grain is reduced to 
powder, which may be separated by sifting into two principal 
portions*-;//owr and bran. Ilie liran is composed of the brownish 
coloured outer covering of the grain, which is tougher and harder 
than the internal portions, and consequently is not reduced by 
grinding to so fine a state of division : tlie flour is produced by 
the pulverization of the inner portion of the grain. 

The most important constituents of the varieties of com used as 
food are — i. starch; 2. gluten, a peculiar substance allied to albumen, 
which confers the tenacity and toughness upon dough ; 3. a small 
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proportion of sugar,* or of dextrin ; 4. a little oily matter ; 5. a 
small quantity of saline matter ; and 6. a skeleton of ligneous tissue, 
which is the only portion of the seed not susceptible of digestion in 
the stomach. l''iie proportions in which these ingredients arc present 
in some of the principal varieties of grain used as food may be 
seen in the subjoined table. They vary, however, cchisid<^rably in 
the same grain when grown in diMcrent climates. The proportion 
of gluten contained in whe?lt grown in the southern parts of 
Europe, and in tlie north of Africa, is considerably higher than 
in the best Englisli-grovvii wheat ; and the hard thin-skinned 
wheats furnish a larger proportion of gluten than the softer varie- 
ties of the grain. 


Authority 

Water . 
Starch . 
Dextrin 
Sugar 


and 


matter ) iusol. 
Oily matter . 
Fibre . . . 

Saits . • . 


W'holo wlu*at 

Maize. 

Decorti- 
cated liice. 

Boussi 

llye^ 

ngault. 

Peaa. 

PoliijU. 

Hardy 

■White. 

P( 51 iKot 

Algerian. 

r 






' 

bT- 

13-6 

136 

17T 

73 

M 7 

8-6 

61-3 

6o-8 

598 

590 

830' 

65* I 

5 (>V 

! ‘'*■3 

lOt, 

6-4 





1*6 

i'O 

1-6 

\ 12*8 

\ 7 *^. 

> 12*3 

i 2 f ,'0 

127 1 

10*5 

1 M ‘4 

( 

J ' 'M 


I 

1*5 

I'l < 

1 1*1 

7-0 

0*7 1 

2'0 

2*2 


1 1*5 

i '4 

15 

) '0 

3'3 

4‘4 

1*4 


17 

ri 


2 4 

3*1 

; 100 0 ! 

1 ! 

100 0 

100 0 i 

i 

1 

JOO’O 1 

1000 1 

1 

100.0 

100 2 

' ( 



Bran of soft 
Frouch Wheat. 

Harley. 

FroHcniuH. 

Hopctnwu 

Oats. 

Norton. 

Water 

13*9 

13*90 

12*8o 

Starch 

) 

4806 

56*89 

Dextrin and .... 

( 5^*0 

3'87 

1-83 

Sugar 

) 

3'7r> 

3'93 

Gluten or its equivalent * 

14*9 1 

1318 

i6'2(J 

Oily matter .... 

3*6 

0‘34 

474 

Fibre 

9 7 

»3‘34 

i '03 

Salts 

5 7 

3r)<> 

**49 


98-8 

1 lOO'OO 

lOO'OO 


♦ M. P^digot considers tliat he has proved that sugar docs not exist ready 
formed in the grain, or in the freshly ground llonr. He was unable to dis- 
tinguish its presence when the aqueous solution of the flour was examined by 
optical means, and he did not hnd that lime was dissolved more freely by 
this solution than by pure water. If sugar were present, the lime should nave 
been dissolved in proportion to the quantity of sugar in the liquid. 
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Tli(‘ prIfH 4>ul portion of the woody fibre is accumulated in the 
bran ; but this substance likewise contains a large proportion of 
nutritive matter, for both gluten and oily matter are deposited in 
its cells more abundantly than in any other part of the grain ; as 
may be seen by the result of its analysis, 
given above. Fig. 333 shows a section of 
part of h grain of rye, highly magnified, 
a indicating* the cells forming the outer 
coat of the seed ; b, a single row of cells 
forming the inner seed coat ; c, a layer of 
cells containing gluten, (these three toge* 
ther form the bran;) d, the white inner 
part of tlic seed filled with starch granules, lodged in the meshes 
of the cellular tissue. 

(937) (iLUTKN. — This cliaractcristic ingredient in the cereal 
s^eds may be ol)tairied in a separate form by mechanical means. 
The flour is made into a paste or dough, with water, and placed 
ill a bag of fine liru^n, in which it is kneaded •in a gentle stream 
of wat(ir so long as the washings have a milky appearance; the 
starch is by this means removed in suspension in the water, and 
the sugar and the dextrin are dissolved. A grey, sticky, tena- 
cious, tasteless substance, resembling bird-lime in appearance, is 
left upon the elojh, consisting mainly of gluten, mixed with small 
quantities of hrin and starch, and traces of oily matter. When 
dry it forms a hard, brownish, horny* looking mass. The gluten 
obtained from wheat and from rye possesses a peculiar tenacity, 
which is not observed, to any thing like the same extent, in that 
obtained from the oth(?r cereals, and it is this tenacity of the 
gluten whieli csjiccially fits the flour of wheat and rye for conver- 
sion into bread, (llutcii is soluble in cold acetic acid, and in weak 
solutions of potash or of soda. It may be precipitated unchanged 
from cither of these solvents by neutralizing them exactly witli an 
‘^aeid. The dilute mineral acids combine with gluten and form a 
compound which is insoluble in excess of the acid. Gluten in its 
moist state rapidly putrefies, ammonia is formed, whilst hydrogen 
and carbonic acid arc evolved, and the mass acquires the smell of 
decaying cheese. Gluten, howev(*r, cannot be regarded as a single 
definite body ; it consists of at least two distinct substances, one 
of which is soluble in hot alcohol, whilst the other remains undis- 
solved when treated with this menstruum. This insoluble portion 
is regarded by Liebig and by Dunnis as vegetable fibrin. As the 
alcoliolic solution cools, it deposits flocculi, which have the compo- 
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sition and properties of casein. A third substance still remains 
in the alcoholic liquid, and gives to this solution a syrupy or gela- 
tinous consistence. On the addition of water, a white substance 
resembling albumen is precipitated ; Dumas and Cahours have 
termed it glutin : on treating it with ether a small quantity of 
fat is extracted, and it is left in a state of purity: it^may be 
dissolved by strong hydrochlpric acid, and communicates to it a 
violet tint. It is, therefore, obvious that raw gluten contains 
several azotised principles, which differ considcR’ably in chemical 
properties, though, as will be seen by the subjoined table, they^ are 
closely allied in ultimate composition : — 



Dumas and Cahours. 

Bence Jones 


Oluton 

Fibrin. 

Gluten 

Caaein. 

Olutm, 

^ Crude 
Uiuten. 

Carbon 

Hv(lro<?eu.. . ^ . 

NiWoi^en .... 
Oxygen and Sulphur 

5323 

701 

16-41 

2.r.3.5 

5346 

713 

1604 

2337 

63‘27 

717 

5 r .'22 

7 42 

15-98 

21*38 


100*00 

100*00 

100*00 j 

100*00 


( 95 ^) Pt'^p(tratio 7 i of Br^ad. — In the preparation of bread, the 
flour is usually mixed with about half its weight of water, but , 
the proportion varies with the quality ©f the flf)ur. It is then 
thoroughly kneaded into a stiff’ paste, or dough, with the addition 
ot a small quantity of yeast and a little salt, and put aside, at a 
temperature of about 70°, for some hours. The mass swells up, or, 
as the baker terms it, the sponge rises ; tliat is to say, the sugar 
in the dough is decomposed by the yeast ; carbonic acid is set free 
at all points of the mass, and, being imprisoned by the tenacious 
nature of the dough, the gas causes it to swell and become porous. 
At this stage it is cut into, pieces of suitable size, and is put int(^ 
an oven heated to a point between 450° and 550° F. ; the heat 
causes the imprisoned air to expand still more, and gives the light- 
ness of texture which characterizes good bread. On the application 
of heat to the dough, part of the water is expelled, 1 1 7 parts of 
dough yielding 100 of broad ; the granules of starch become 
converted into the pasty, or gelatinous condition ; the temperature 
of the crumb never exceeds F., but the external surface of the 
loaf gradually becomes dry and hard, and losing a portion of its 
chemically combined water, is partially converted into a substance 

PART III. I 
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allied to earamei (926), thus forming the crust. The bread is in 
this mamicr permanently fixed in the shape which it has acquired. 
During this baking, the alcohol formed by decomposition of the 
sugar, which corresponds iti quantity to that of the carbonic acid, 
is expelled : sook^ years ago a baking company was formed, in 
whose operations the collection of this spirit formed an important 
ohjcict. This end was attained* performing the baking in 
closed ovens, furnished with a still head for collecting and con- 
densing the vapoiws. The project was, however, soon abandoned, 
and failed as a commercial speculation, owing in great measure to 
the diy unjjalatable nature of the bread produced. 

The French frecpiently employ leaven as a ferment instead of 
yeast. Leaven is dough kc])t from a previous batch for twenty- 
four hourf in a warm place, till it has begun to undergo fermenta- 
tion spontaneously. The decomposition which has commenced in 
the leaven spreads through the fresh mixture into which it is 
kneaded. In England a spe(ncs of unfermeiited bread has lately 
been manufactui;ed to some exhut; in this case also the (ifongi- 
ncss is given to the dough by means of carbonic acid, which 
is set free l)y the action of hydrochloric acid on carbonate 
of soda; common salt, a necessary ingredient in br(iad, being 
formed during the reaction, and a species of bread is obtained, 
which, as might })c (^\j)cetcd, is swx^eter than ordinary bread, but 
not so light. According to Dr. Fcrcira, a good bread of tljis 
description may bc^ obtained ))y mixing the materials in the fol- 
lowing proportions : — 

Wheat flour 7 Ib. 

Carbonate of soda ... - 350 to 500 grains. 

Water . .* 2^ pints. 

Hydrochloric acid . . . 420 to 560 grains. 

^The soda and flour arc first intimately mingled, and then made 
into dough with the mixture of acid and water. If the soda be not 
equally and thoroughly distributed, it is detected after the baking, 
by the formation of a yellow spot around any portions of it that 
have escaped neutralization. Sponginess and lightness of texture 
are sometimes given to pastry by the employment of sesquicarbonate 
of ammonia, which is mixed with the dough instead of yeast;* on 
the application of heat, the salt is expelled in the gaseous state, 
and by its expansion mechanically produces the desired effect. 

In the latter case it is not improbable that the alkaline nature 
of the salt ^has an important influence upon the quality of the 
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paste. Liebig {Annalen, xci. 246) has observed that in certain 
cases the eniployrnent of lime water in the manufacture of bread 
may be resorted to witli great advantage. In order to understaiul 
the effect thus produced, it must be remembered that the peculiar 
toughness and elastic quality possessed by the dough furnislK‘d 
from the flour of certain of the *^ercalia, is dependent upon the 
gluten which they coiituin. • It has been observed, that Avhen 
gluten is kept in a moist state it undergoes a change in [)roper- 
tics, in consequence of which it slowly loses its soft, elastic, and 
insoluble condition. If kept in water for ii few days it gradually 
diminishes in bulk and becomes converted into a turbid, slimy 
solution, which is not capable of forming dough wIkmi mixed 
with starch. The convertil)ility of flour into dough, by tlu^ addition 
of water, depends upon the peculiar power which frc sli gluten 
possesses of combining with water, and of forming with a soft 
substance which does not yield its water to dry bodies which are 
placed in conkiet wUh it. (xluten, however, is a viuy hygroscoj)ie sub- 
stance; and w hen flour is kc])t exposed to theaii; for some time, it 
gradually absorbs moisture ; in consequence of which the gluten 
slowly loses its tenacity, and undergoes a change similar to that which 
it experiences wdien jdaecd in water. This ebaugc in the? qualities 
of the gluten occurs more rajudly in rye lionr than in wheat flour. 

It has been ascertained bv Liebig, that fl\ur in whi(di the 
gluten has undergone this j)artiaJ cliange, may have its original 
qualities restored by the substitution of lime water for common 
water in the ])reparatioii of bread : 100 pjirts of flour arc to be 

mixed with 26 or 27 parts of saturated linn* wat(‘r, and a sufficiency 
of ordinary water must he? added to furnish dough of the proper 
consistence. A given wxuglit of flour, w hen treated with lime water, 
was found to yield 5 or 6 per cent, more bread than when made in 
the ordinary way, and the bread so obtained is stated to be more 
palatable than common breild. 

It is to be hoped that this simple method will supersede the 
employment of alum, which is commonly resorted to by English 
bakers, to whiten the bread and to improve the tenacity of the 
dough of inferior flour. Even sulphate of copper, a still more 
deleterious ingredient, which in minute quantity exerts a similar 
eflect upon the dough, has been employed in Belgium and else- 
where, for iraj)roving the appearance and sponginess of the loaf. 
No satisfactory explanation has been afforded of the maimer in 
wliicli these salts act. In the case of sulphate of copper, a single 
grain in a 41b. loaf has been found to produce a Vtery marked 

1 a 
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alteration in tiie appearance of the bread (Kuhlmann, PoggeudorfF, 
Annul, xxi. 447). Fortunately, the addition of this poisotfous salt 
can be detected in very minute quantities, by acidulating the 
crumb of the loaf and then moistening it with ferrocyanide of 
potassium, when the brown eolour, characteristic of copper, is pro- 
duced. '^If the bread be incinerated, the ash may be examined for 
copper in the usual method. 

Nev) and Stale Bread . — Newly baked bread exhibits a well- 
known (elastic appearance, and possesses a certain degree of mois- 
ture, which renders it more palatable to most persons than bread 
which has been kept for a day or two, and has become firmer and 
drier in appearance, and which is commonly said to have become 
stale. It is very generally supposed that this change in properties 
in bread " which has been kept for a few days, is owing to the 
loss of w'ater by keeping. This, however, is not the case. The 
crumb of newly baked bread when cold, contains about 45 pet 
cent, of water, and stale bread contains almoet exactly the same 
proportion. The, difference in properties betw een the two depends 
simply upon difference in molecular airangement. Boussingault 
{Ann. de CMmie^ III., xxxvi. 492) found that a loaf which had been 
kept for six days, though it had become very stale, had not lost 
more than i per cent, of its weight \vhen new. This same loaf 
was tlicn placed /in the oven for an hour, and at the end of that 
time it had acquired all the properties and appearance of new bread, 
although during the second baking it lost 3^ per cent, of water. 
By enclosing a portion of bread in a tight case, to prevent loss of 
watcT by evaporation, the same piece of bread was restored to the 
condition of new bread, and then allowed to become stale many 
times in succession : a heat of about 130® w^as found to be sufficient 
to reconvert stale into new bread. Every person wffio has seen a 
thick slice of stale bread toasted, may have satisfied himself that 
4 he crumb has during this operation been converted into the same 
condition as that of new bread. 

(c) Lactic Fermentation. 

(959) It has already been mentioned, that sugar of milk 
docs not undergo the vinous fermentation under ordinary cir- 
cumstances. Milk, if it ive kept in a warm temperature, may, 
notwithstanding, be converted into a spirituous liquor, which is 
in common use among the Tartars, who prepare it from mares^ 
milk. Fruit sugar appeal's to be first formed by the action of the 
azotised constituents of milk upon the lactose, and the liquid 
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is then susceptible of the vinous fermentation. More commonly, 
however, sugar of milk, when allowed to ferment, 3rielcls a product 
of a very different nature ; lactic acid being formed, as may be 
seen in the common case of milk turning sour in warm weather. 
This acid, in its hydrated form (2 HO, Ci2HioOio)> has the same 
ultimate composition as sugar of milk ; its oxygen and l^^drogcu 
being in the proportion to form* water : but the arrangement of 
its particles is less complicated than that of sugar of milk ; and 
its formation furnishes a good instance of the reduction of a com- 
plex body into one of a simpler constitution, by*thc process of fer- 
mentation. In this case, the casein or curd of the milk which isl;he 
basis of ordinary cheese, acts as the ferment. Casein is rendered 
insoluble by the presence of acids, and therefore it becomes 
separated in the form of insoluble flocculi, as soon as ^he milk 
turns sour. When all the curd has been thus rendered insoluble, 
the conversion of lactose into acid takes place very slowl)', but if 
the acid be ncTitralized by carbonate of soda, the curd is redis- 
solved, and tlic t(unu( station or transformation is renew^ed in its 


former vigour. No cxtricj^ition of gas nor absorption of oxygen 
occurs during the process ; thi^ only perceptible change being the 
gradual disappearance of sugar of milk and the production of this 
peculiar acid, attended with the evolution of a peculiar offensive 


odour arising from the decay of the casein which, accompanies the 
transformation. According to the observations of lloutron and 


iremy, other animal matters undergoing decomposition arc like- 
wise capable of effecting Ihe same transformation: moistened 


bladder, after exposure to the air for a certain time, and muscular 


and albuminous tissues, at a particular stage of their decomposi- 
tion, jjossess the same property. But when the decomposition of 
tlie animal tissue has advanced beyond this particular stage, dif- 
ferent products are obtained : fermentations or transformations 


are effected it is true, but the results of these changes are cpiite 
different, inasmuch as actions of a nature different from those* 
required for producing lactic acid, are taking place in the body 
operating as a ferment. Not only sugar of milk, but starch, 
dextrin, cane sugar, and gum pass readily into lactic acid under 
the influence of casein and the other ferments already mentioned. 


(d) Viscous Fermentation, 

(960) Under certain circumstances, sugar becomes transformed 
into a mucilaginous substance, unattended by any evolution of gas ; 
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the liquid loses its sweet taste, and acquires a Topy consistence, 
as is sometimes observed when sweet wines are kept for a time. 
This mueilpgiiions substance is insoluble in alcohol, and yields a 
precipitate with subacctate of load, but it differs from ordinary 
gum in not yielding inucic acid when oxidised by nitric acid. A 
solutiop of tannic acid produces a precipitate when added to such a 
liquid, and checks the progress 6f the fermentation. This circum- 
stance explains the observation, that red wines which contain a 
good deal of astringent matter derived from the husk and stalks 
of the grape, are hot liable to become ropy. The tendency of a 
svVcet li(jui(l to become ropy is also arrested by the presence of 
siil])hurous acid or of alum in small quantities; the alum causes 
the preci})itation of the ferment in an insoluble form. 

It h^is been found tliat various substances, such as boiled yeast, 
or the water in which flour or rice has been steeped, speedily cause 
sugar to imdergo this transformation ; and the sweet juice of the 
beet root, owing to the presence of an analogous substance, if left 
in a warm place for a few days, spontaneously passes into the 
viscous state. A quantity of manniie is usually formed at the same 
time in these cases. 


CIIAPTEll 111. 

Till: ALCOHOLS anD ethers. 

§ I. The Alcohols. 

(961) General Characters of the Alcohols . — The term alcohol 
w'as originally applied specifically to the volatile inflammable 
spirituous liquid, which is the characteristic product of the fer- 
V- mentation of sugar ; but it has since been made generic, and is 
HOW" extended to a class of bodies which possess chemical qualities 
analogous to those of wine alcohol, and which arc homologues of 
tliat siilistauee. Indeed, this class of compounds has already 
afforded tis some striking ii lustrations of the existence of homo- 
logous groups (914). 

The following is a list of the bodies at present known, which 
belong to the class of substances homologous with vinic alcohol ; 
but there can be no doubt that as science progresses this list will 
be extended, and that ultimately an alcohol wnll be found corre- 
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spending to each term of the series of the \’olatilo acids repre- 
sented by the general formula, HO, (C„H,_i) Oj : — 


Alcohols. 


Formula. 


iSpecific Gravity 


(CHllM+aOa) or (CoJWiO, 110 ) Liquid. ^Vapour. 


T. AVood spirit, or me- } 
tliylic alcohol . ( 

2. (Spirit of wine, or / 

etbylic . . . . i 

3. Tritylic*, or propylic 

4. Tetrylic, or butylic . 
3. Fousel oil, or arnylic 
6. Hexylic, or cnproic . 
8 . Octylic, or cajirylic . 

12. Jjauric alcohol . . 

16. Ktlial, or cctylic . . 

27. Ccrotcii, or eery lie . 
30. Melissiri, or mclissic 


1*12 


ia H4 (Lora H3 0. HO; 0798 
; 0.1 II« o, a o, no 07938 j r 6x33 


IC. II, O, 

ji; n,„o, 

! t i 1 1,1 1, 

i I V.||II«2* *2 


,c, n,o.no; 


2'02 

,(’"11; O, HO 

,0,„H„O. HO 0-8184 j 3-147 
,0,..H„O. HO 0 833*1 3.33 
r, ,,11,-0.110 0-823 I 4-5 


„o,.,ir.„o, HO 
c;.ii.;:,o. ho 
ho 

„Co„H„0. HO, 


I 


Roiling 

point. 

« F. 


I49‘9 

173 

206 

233 

2f«;'8 I 
399-309 
.3r>^> 


At 32^ F. 

• % 

These substances, it will bo seen, each contaip 2 equivalents of 
oxygen, combined with qijantitics of carbon and* hydrogen in which 
the number of e(iuivaleiits of liydrogcn always exceeds by two, the 
number of equivalents of carbon ; an even number of equivalents of 
carbon being always preseul;. Tlie xilcoliols may all be regarded 
as compound oxides of liydrogc n and of a pocyiliar hydrocarbon^ 
of which the general formula is The general formula 

of an alcohol, therefoi’c,, may be rc'prcsented as 

O, liO, in which n represents an even number of 
equi talents of carbon. The alcohols by imperfc'ct oxidation 
furiiisli aldehyds; and these bodies by the further absorjitioii of 
oxygen yield adds ; the latter in tlieir hydrated form contain the 
same number c^f ecjuivalents of exirbon as the alcohol from which 
they w'cre jirocurcd, but 2 equivalents less of hydrogen, and 2 
equivalents more of oxygon, than the alcohol {vide table, page 3 j). 
The alcoliols are further eliaracterized by yielding, when treated 
with sulphuric acid and other dehydrating compouTids, a class of 
substances termed ethers, which admit of being regarded as 
alcohols, minus i equivalent of water, though, as will hereafter 
be explained (986), there is reason to believe that this does not 
truly represent the mode of their formation. 


{962) Alcohol ; Ethylic or Vinic Alcohol, Spirit of Wine : 
(C^H^Og), Eq, 46, Sp. gr. of liquid at 60®, 07938; of vapour 
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j 6133. — Alooliol irt a colourless volatile inflammable liquid, of an 
agre<*abh; well-known spirituous odour, and an acrid burning 
taste. When pure it has a specific gravity of 0-815 3 ^^* 

It boils at j 73°, and has never been frozen, though at a tempera- 
ture of — 166^ ¥. it becomes viscid (Faraday). When taken in 
small qi^antities in a diluted form it furnishes a useful and well- 
known stimulant, forming the ba^is of all fermented liquors. In 
large quantities it produces intoxication, and acts as a powerful 
narcotic poison, fr/?quently occasioning fatal results when taken in 
a concentrated state and in excess. 

Alcohol furnishes a cleanly and valuable fuel to the chemist; 
it emits a high temperature during its combustion, and deposits 
no soot upon cold bodies which arc introduced into its flame. 
When burjied in air it emits but little light, and is wholly converted 
into carbonic acid and water : 4 volumes, or i equivalent of .alcohol 
vapour, for complete combustion requires 3 times its bulk, or j 2, 
equivalents of oxygen ; C JIjjOg 4* 1 2 0=4 COg 4- 6 110 . When the 
vapour of alcohol is transmitted through red-hot tubes it is de- 
comj)oscd, carbon 4 s deposited, and carburetted hydrogen, free 
hydrogen, and water, arc produced. 

When alcohol is exposed in its concentrated form to the 
atmosj)here it attracts moisture, like sulphuric acid ; and like this 
comjjourid, when niixcd with water it emits heat and contracts 
in bulk, though to a considerably less extent; the observed density 
of the mixture is therefore greater than its calculated mean 
density. According to lludberg, the condensation is greatest 
Avhen 53*739 measures of alcohol and 49 836 of water are mixed 
at 59'' : these proportions correspond to 1 equivalent of alcohol and 
6 c(|uivalents of water; when cooled again to 59°, they occupy 
only 100 measures instead of 103*575, and have a sp. gr. of 0*927. 
From the importance of alcohol as an exciseablc article, great labour 
has been bestowed upon the means for readily determining its per- 
centage in spirituous liquors : the method in common use for dis- 
tilled spirits consists in determining the specific gravity by means of 
a sensitive hydrometer, and tables have been constructed for showing 
the ])ercentage of alcohol in mixtures of various densities. In these 
cases great attention must be paid to the temperature, since slight 
(liftcrenccs in this particular make a material variation in the 
density. The term proof spirit, ia constant use among the excise, is 
defined by an Act of Parliament (58 George III.), to be such as 
shall at the temperature of 51° F. weigh exactly twelve thirteenth 
parts of an equal measure of distilled water.” It consists of water 
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5075, alcohol 49*24 by weight, and indicates alcohol of sp. gr. 
0‘920 (Drinkwater 0*91984). The term derives its origin from the 
rude method of proof formerly in use, in which gunpowder was 
moistened with the spirit of wine to be tried, and the alcohol 
ignited ; if it fired the powder it was said to be overj^roof, but if 
the spirit burned off and left the powder damp, it w^as considered 
under proof ; the weakest spirit capable of thus firing powder had 
a sp. gr. of about 0*920.* 

Alcohol is a solvent of great value to the chemist. It usually 
exerts but little chemical action upon the bodies which it dissolves, 
and owing to its volatility it is easily expelled by a gentle heat, 
leaving the substances which it previously held in solution in a 
pure. state. Alcohol dissolves many of the gases freely; some of 
tliem, as, for instance, protoxide of nitrogen, carbolic acid, 
phosphu<ptted hydrogen and cyanogen, arc dissolved by it more 
readily than by water. Iodine and bromine are also readily 
soluble in it, but the solutions gradually undergo decomposition 
in consequence of tTie reaction of iodine and brpmine upon the 
alcohol. Absolute alcohol^ dissolves small quantities of phos- 
})horus and of sulphur. The alkaline sulphides, as well as caustic 
potash and soda, arc soluble in it to a very large extent ; and 
ammoniacal gas is absorbed by it nearly as readily as by water ; 
but it does not dissolve the carbonates of these ^alkalies. Alco- 
holic solutions of caustic potash and soda act powerfully as rcduc- 
ing agents u])oii many metallic solutions, such as those of })latiimm ; 
they gradually absorb oxygen from the air, and become brown, 
owing to the formation of a rcsinoid substance. 

Most of the deliquescent salts arc soluble in *alcohol, but the 
efflorescent salts, and those which are sparingly soluble in water, 
are not dissolved by it. Anhydrous alcohol combines with many 
anhydrous saline bodies in definite proportions, and forms with 
them crystallizable compouTids, in which the alcohol, according to^ 
Graham, occupies the place of w^ater of crystallization. The 
chlorides and the nitrates offer the best examples of the formation 
of these alcoates. The compound with chloride of calcium, CaCl-f 
^ crystallizes readily; and analogous compounds may 

be obtained with the chlorides of zinc and of manganese, and with 
the nitrates of lime and of magnesia. 

Alcohol likewise dissolves many organic bodies freely, such as 


* In the Appendix two tables of the strength of alcohol at different specific 
gravities will be found. 
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tlie resim, the essential oils, the vegetable alkaloids, and many of 
the vegetable acids. It also dissolves more sparingly, sugar, and 
the soaps of potash, soda, and ammonia ; but the fats and fixed 
oils, with the exception of castor oil, are dissolved by it in but 
small quantifies. 

A <^)haracteristic reaction of alcohol is its power of forming 
fulminate of silver, wlien i grain of ^silver is dissolved in 20 grains 
of nitric acid, and about 50 of alcohol are added ; crystals of 
fulminate of silvir arc gradually deposited. 

Preparation. — Alcoliol may be obtained in a state of purity 
by su])jecting to distillation any saccharine solution that has 
undergone fermentation ; for being more volatile than water it 
passes over in the first part of the distillation, accompanied *with 
more orrless water, lly repeated rectifications, or by a single 
operation in (>)frey’s still (175), it may be concentrated tijl it con- 
tains about 10 per cent, of water. Beyond this point the water 
adh(u*()s to it so strongly that it requires a different process for the 
C 0 Tnf)lete se])ar«%tion of the last portions : — it is first rectified from 
char(X)al, with a view of regaining all fCsscntial oils to which the 
peculiar odour and flavour of dithu'ent ^ spirits are mainly owing, 
and is then mixed with about half its weight of quicklime, and 
allowed to stand for thi‘e(^ or four days : the lime gradually 
slak( 5 s and falls to ])OW(ler in consequence of its conversion into a 
hydrate at the expense of the water in the alcohol \ then, on apply- 
ing heat by means of a bath of chloride'of calcium, the pure spirit 
may he distilled off, the hydrate of lime retaining the water at 
tem])cratures far above 300"" F. The alcoliol thus obtained is 
anhydrous, or as it is often termed, ahaolute alcohol. 

Bert helot has recently pfunted out a means of obtaining 
alcohol synthetically, liy forming a solution of olefiant gas in oil of 
vitriol, then diluting the mixture and submitting it to distillation. 

^ Small ipinntitics of dilute alcohol are thus obtained with facility 
(983). 'This process is the more interesting as it will possibly admit 
of application to the preparation of alcohols not hitherto isolated ; 
most of tlie hydrocarbons whicli are homologous with olefiant gas 
arc known in a separate form, though several of the alcohols arc 
not : it appears probal)le, therefore, that by treating a solution of 
such hydrocarbons in oil of vitriol with water, and then distilling, 
the alcohols would be procured in small quantities without much 
difficulty. 

(9')3) Wines, Fermented Liquors, and Spirits . — The various 
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kinds of spirits in use derive their names from accidental circum- 
stances, often from the flavour which they possess. Thus, gin is 
spirit flavoured by distilling it with juniper berries; peppermint 
owes its aroma to the essential oil of the plant after which it is 
named ; whiskey is spirit distilled from wort prepafcd from malt 
which has been dried over a peat Arc, to which its# peculiar 
flavour is due; arrack is a siiirit*distilled from fermented rice; and 
rum, a West Indian product from molasses ; brandy is really the 
spirit of wine, being obtained from wines by distillation, and 
coloured more or less deeply wdth burnt sugar. In all these 
cases the characteristic flavour depends upon a small quantity of 
some volatile oil or compound ether which ])asscs over with the 
spirit during tlie process of distillation. The varieties of spirits 
are very numerous, and those of fermented lif|uoi’s wliicii are used 
w ithout subjecting them to distillation, are still greater. To this 
class belong all the diflerent kinds of wine, which owe their pecu- 
liarities of flavour partly to the diftcrent flavour Avhich the grapes 
possess in diflerciiT climates, according as the saccharine, the aro- 
matic, the acidulous, or tjie astringent principle of tlu^ fruit pre- 
dominates, and also partly to the manner in which the licpiid is 
prepared. When fermentation is allowed to proceed until all the 
sugar is transformed into S[>irit, a dry wine is produced ; wlum 
checked before this term is n'ached, the resul!^ is a rich fruity* 
Avinc; and wdicn bottled wdiilst the fermentation is in full vigour, 
a brisk effervescent wine like champagne is tlui nisult. It is a 
common practice to add cane sugar to champagne beibre bottling. 
According to the experiments of J)r. Ihuice Jones, \daret. Bur- 
gundy, and the wines of the Ilhinc and the Moselle, contain no 
sensible quantity of sugar ; sherry yields from i to 5 jier cent., port 
from 3 to 7 per cent., and Tokay as rnmth as 17 per cent, of sugar. 
The ageing of w ine and consequent change of flavour, depends partly 
upon the very gradual fevracutation of sugar still retained in rii^i 
wines, and partly upon the slow separation of saline matter, princi- 
pally in the form of bitartratc of potash, which becomes less soluble 
as the proportion of spirit increases, and is deposited, particularly 
from port wines, as a crust of tartar upon the sides of the bottle. 
An important part of the change of flavour appears also to be 
owing to the slow formation of minute quantities of fragrant and 
aromatic ethers which are gradually produced by the reaction of 
the vegetable acids upon the alcoholic portion of the wine. 

Some wines instead of improving, become ropy by keeping. 
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This ocjcwrs only with sweet wines, and is due to a peculiar 
species of fermentation in which the sugar passes into the uncrys- 
tallizable form of mucilage (942^, 960). Wines are usually ^white^ 
or red, according as the husk of the grape is coloured or not, 
and according^ as the must has been allowed to ferment in contact 
with it otlicrwise. 

It is obvious that in wines ancl other fermented liquors which 
have not been submitted to distillation, all the soluble matter 
of the fruit is i)rctcnt in the beverage. Other saccharine juices, 
besides those of the grape, admit of being fermented, and* thus a 
great variety of drinks may be produced. Beer and ale, for example, 
consist of an infusion of malt, flavoured by the aromatic bitter 
of the hop, and subsequently fermented. The different kinds of 
porter ar^ similarly prepared, and owe their dark colour to the 
use of liigli-dried malt : cider is the fermented juice of the apple; 
perry is a similar liquor o])tained from the pear ; and nearly 
every fruit may be made to yield its own peculiar liqueur. Even 
savage nations evince a knowledge of this fact. The natives 
of the islands in the Pacific, when discovered by Cook, not only 
knew how to pre[)arc an intoxicating liquor from the juice of 
the cocoa-nut, but they even rectified it by a rude process of 
distillation. 

Since foreign piatters are present in all fermented liquors, the 
specific gravity would, except in special cases, be no guide to the 
quantity of spirit contained in them.* A simple means of over- 
coming this difficulty was successfully practised by Mr. Braude ; — 
(carbonate of potash is soluble in water, but insoluble in alcohol : 
wlien perfectly dry carbonate of potash is poured into a mix- 
ture of alcohol and water, the salt becomes dissolved in 
the water, and tlie solution separates into two layers, the upper 
of which consists of alcohol of sp. gr. 0*825. employing a 
j^'aduated tube for the experiment, the volume of alcohol which 
is contained in any wine or liquor may be read oft' at once by 
insj)ectioii. 

Dr. Christison submitted different wines to distillation, in 
order to determine their i>erccntage of alcohol ; he thus 
obtained a series of results, the most important of which are 
embodied in the following table. The numbers represent the 


Sec “ Report on Ori^jinal Gravities ’* by M.M. Graham, Hofmann, and 
Rod wood, ( Quart, Journ, C/iem, S^oc, v. 229). 
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weight of absolute alcohol contained in lOO parts of each variety 
of wine or fermented liquor : 


Port .... 
Dry Lisbon . 

Madeira . . . . 

Sherry . . . . 

Teneriffc . . . . 

Shiraz 
Malmsey . 
Amontillado . 

Claret 

Harnbacher . 

Rudesheimer 
Ediid)urgh ale . 
Best London porter 


from 14*97 to 17*10 
16*14 

from 14*09 to"^i6*9q^ 
,, i 3'98 „ 16-17 

13-64 
12 -9£ 

12*86 

13-63 

from 7-73 to 8-99 

7’35 

from 6-90 to 8-w^ 
« 570 „ 6-06 

536 


(964) Wrf)oi) 84M11T; or Methylic Alcohol, Pyroxylic Spirit ; 
(C2H3O, IIO). Sp. gr, of liquid at 32° o*8 1 79 ; vapour 1*12. — 
Wood spirit has not as ycH been procured by any process of fer- 
mentation ; it is found amongst the volatile products obtained by 
the destructive distillation of wood at a high temperature in close 
vessels, accompanied by a largi^ quantity of impure acetic a(nd, 
acetate of ammonia, acetate of methyl, tarry m.»?.ttcr, and various 
hydrocarbons. 

Purification , — In order to isolate the wood spirit, the crude 
products of the distillation are rectified by the heat of a water 
bath, and the product is distilled from quicklime, which retains 
the acetic acid, the water, and tarry matter. The wood naphtha 
of commerce is simply rectified from chalk; as thus prepared 
it is a mixture consisting chiefly of methylic alcohol and 
acetate of methyl, with certain oily hydrocarbons insoluble in 
w^ater. In order to free it •from these impurities, the coramcrciat 
spirit may be saturated with chloride of calcium, which forms 
with pyroxylic spirit a compound not decomposable at the tempe- 
rature of boiling water : the mixture is subjected to the heat of a 
steam-bath in a retort, and the volatile portions are thus expelled. 
The residue, which retains the wood spirit, is mixed with an equal 
weight of water, by which the spirit is displaced from its combi- 
nation with the chloride ; and on renewing the application of heat, 
pyroxylic spirit, mixed with a little water, passes over ; a second 
rectification from quicklime furnishes it in a state of purity. 

Properties , — Wood spirit is a limpid, inflammable, colourless 



MKTHVIJr AI.*' OIIOJL^ OR WOOD SPIRIT. 


126 

liquid, of a penetrating empyreumatic odour, and a disagreeable 
burning taste. It has a sp. gr. of 0798 at 68°, and boils at 149*9 
(Kopp). It is soliil)le in water, alcohol, and ether, in all propor- 
tions. It is very infl«iTnrna 1 )le, and burns with a pale flame, fiir- 
nislnng carbonic acid and water. When pure it does not reduce 
the stibtbtratc of mercury if mixpd with its solution. Pyroxylic 
spirit mixers n^adily with the essential oils, and dissolves many 
fatty b()di(is and resins with facility. Its principal application in 
tlic^ arts, as cru(M‘ wood naphtha, is founded upon its power of 
dissolving tlie resins, which, when thus dissolved, are employed as 
varnishes. A solutioji of shellac, and other resins in wood naphtha, 
is extcnsiv(ily used for stiftening the basis of silk hats. The 
hydrates of the alkalies arc soluble in wood spirit, but they imme- 
diately ce^our it brown. Dr. lire proposes to use thife reaction as 
a means of discovering small quantities of pyroxylic spirit when 
mixed with alcohol ; siijce alcohol is not thus altered in colour 
until after a (ionsidcrable lapse of time. 

It has alnjady bciai mentioned that when alcohol is submitted 
to a gradual and incomplete oxidation, one of the products of the 
operation is aldchyd (971), which passes, by further oxidation, 
into a(^otic acid. Now, wood spirit may in like manner be sub- 
jected to partial oxidation, under the influence of finely divided 
platinum ; and, fhough the diflbrent stages of the process have 
been less satisfactorily investigated than those which occur with 
ordinary alcohol, it appears that an intermediate substance is 
formed, which, lik^ ahhdiyd, has the power of reducing the salts 
of silver; and finally, a strong solution of formic acid is produced. 
This acid stands in the same relation to the mcthylic series that 
the acetic docs to the ethylic scries : — 

Acotic Acid. 

C1II5O, HO + 40 = HO, C4II3O3 + a HO 

* Wood Spirit. Formic Acid. 

C2II3O, lic 7 -f 4 O = no, Call 03+2 HO 

This method, however, is not an advantageous one for*the prepa- 
ration of formic acid, since it is ditlicult to prevent the oxidation 
from going a stage further and converting the formic acid into 
carbonic acid and w ater ; 

HO, C2IIO3 -f O = 2 HO + 2 (CO2) 

(965) Tntylic (or proiyltc) Alcohol (CJI-O, HO) ; Sp. gr. 
of vapour 2*02. — Although, during the ordinary process of the fer- 
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mentation of fruit or grape sugar, the products are carbonic acid 
and ordinary (cthylic) alcohol, it usually happens that niiiiulc 
quantities of other homologous bodies are formed. This is par- 
ticularly the case when masses of the husk of the grape, from 
which the juice has been expressed (technically tern:^^'d tlje marc 
the grape), are thrown aside, and allowed to fermenSir The 
saccharine matter which they |tilf retain undergoes decomposition, 
and when the fermented liquor furnished by them is submitted to 
distillation, a mixture of tritylic, tctrylic (but}' 4 ie), arnylic, and 
liexylic (caproic) alcohol is obtained. 

Tliesc diftcrent modes pf fcrincHtatiou admit of explanation l)y 
means of the following equations, in which it is assumed that in 
addition to the separation of carbonic acid, a certain quantity of 
w atcr is eliminated at the same time : — 


Supfar. 

2 (^121^12^^2) 

2 12^12) ~ 

2 (CpdligOj.^) = 


-f 2 HO 
8 CO 2 q-: 4 HO 

8 CO. + H HO 

" • 

8 GO. + 4 HO 


AU'oholrt. 


Ethylu*. 


Trilylk*. 


IJutylie. ^ , 

+ 2 (cvijT) 

Trifylio. An)ylir. 

+ (^"<5 + (cji^) 

Ethyiir. Hrxylio. 

-f * -f (cZuJk) 


^fritylic alcohol, the third t<‘rm of the alcoholic scries, is obtained 
only in small (]uantity from the fermented Jtiarc. It is a limpid, 
colourless liquid, lighter than water, with an agreeable fruity 
odour. It boils at about 206^. Although freely soluble in water, 
it docs not mix with it in Jill proportions. 

(966) Tetrylic (or Imtylic) Alcohol (C^HyO, HO). Sp, gr. of 
liquid O' ^ 0 ^ 2 'y of vapour 2*589, — Wurtz procured this fourth term 
of the alcohols during the rectification of fouscl oil obtained from 
beet-root spirits ; it is contained in that portion which boils below 
266®. By fractional distillation this portion may be made to 
yield a liquid, the boiling point of which remains steady at 233'^, 
and which is the desired alcohol. Tetrylic alcohol is a colourless 
liquid of high refracting powxr, lighter than water, and only par- 
tially soluble in water. It has an odour resembling that of foiisel 
oil, but less oppressive. When heated with the hydrate of potash, 
it is readily converted into butyrate of potash, with evolution of 
hydrogen ; and, when mixed with concentrated sulphuric acid, it 
forms sulphotetryUc acid (IIO, C^HyO, without difficulty. 
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(967) Avu lh Alcohol. Fousel Oil, Potato Spirit (CioHnO, 

HO). Sp. (jr. of litinid [at 32"^) 0*827; '^o.pour 3*147.— This 
substance, which constitutes the fifth term of the alcohol series, is 
a frequent impurity in brandies distilled from fermented potatoes, 
barley, rye*, ^ind the marc of grapes, to which it communicates a 
peculir; offensive odour and taste. Sinee it is considerably les^ 
volatile than either alcohol or watgr, it accumulates in the last 
portions of the liquid when brandies are submitted to dis- 
tillation. ' 

A my lie alcohol is a cplourlcss, limpid liquid, which has a per- 
sistent, penetrating, and oppressive otipur, and a burning taste. 
It is but sparingly soluble in water, though it may be mixed 
with alcohol, ether, and the essential oils, in all proportions. Its 
vapour very irritating when respired; it burns with difficulty 
with a bluish flame. The specific gravity of fousel oil at 59° is 
0*8184. It boils at 269'^*8 (Kopp), and at about — 4° congeals 
into crystalline plates. Amylic alcohol causes a left-handed rota- 
tion of the planp of polarization in a ray of polarized light, but the 
extent of this powder varies greatly in different specimens. 

Under the influence of spongy platiqimi, amylie alcohol gradu- 
ally absorbs oxygen, whilst hydrogen is eliminated hi the form 
of water, and valcrie aeid is produced ; this acid bears the same 
relation to amylic alcohol that acetic acid does to ordinary 
alcohol ; — 

FouhoI Oil. Vulcrtc Acid, 

+ 40= + 2 HO 

The action of nitric acid upon amylic alcohol varies with the 
degree of its concentration and the temperature of the mixture, 
as it may be made to yield nitrate of amyl, valeric acid, valerate of 
arnyl, or valeric! aldchyd. Hydrate of potash is freely soluble in 
fousel oil. If fousel oil be heated on a mixture of hydrate of potash 
‘and lime to 430®, valerate of potash is formed, whilst hydrogen is 
liberated : — 

CioHiA + KO, no = KO, C10H0O3 + 4 H. 

When treated with phosphoric acid, or with chloride of zinc, 
fousel oil yields hydrocarbons homologous with olefiant gas. 

(968) Hexylic, or Caproic Alcohol (CjaHi^Oa). Sp. gr, at 32° 
0*833; ofvapovry ^^, — This compound has also been obtained from 
the fermented marc of the grape. It is a limpid, aromatic liquid, 
which is insoluble in water, and boils betw^een 299® and 309°. It 
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yields caproate of potash, with diseugagcmcnt of hydrogen, when 
heated witli hydrate of potash ; caproic acid standing in the same 
relation to hexylic alcohol that acetic acid does to ordinary alcolioL 

The seventh member of the alcoholic group is not yet known. 

(969) OctyHc, or Caprylic Alcohol (C^JIirtOg). Sp.*gr, of liquUl 
0*823 at 62°; of vapour — This substance occurs in smaif quan- 
tity in the fermented marc of ^the grape ; but its most interesting 
and available source is castor oil {\\ci\\\^.Ann,deChimie Tll.xliv. 100). 
Castor oil consists principally of the glycerin conf[)ound of a pecu- 
liar acid, ricinoHc acid (1J32), the formula for the latter in •its 
hydrated state being (HO, This acid, when heated 

with an excess of hydrate of potash to about 480°, undergoes 
decom[)osition ; sebate of potash being formed whilst octyl ic 
alcohol and hydrogen are liberated, as shown by the Allowing 
equation : — 

Kieinolic Acid. Sebafe Potash. Ootylic Alcohol. 

11 ^ 0 ^ 0 ^+ 2 (Kp.HO) = 2 KO, ^ H. 

In order to isolate the alcohol, the castor oil ns saponified by 
means of potash or soda, aifd afterwards an excess of the hydrated 
alkali, amounting to aboitt lirdf the weight of the oil operated 
upon, is added. The mass is^ heated moderately in a retort. It 
froths up at first considerably ; but the foam gradually subsides, 
and a fragrant oily licpud distils over, whicli collects in the rcccivcjr 
above the >vater by which it i.s accompanied. The residue in the 
retort may be employed for the preparation of sebacic acid (1179). 
This distilled oil, which usually amounts to from a fourth to a 
fifth of the weight of the oil operated upon, must bo purified by 
repeated rectifications from hydrate of potash, until the residue no 
longer has a brown colour. 

Octylic alcohol is a colourless liquid, of a powerful persistent 
aromatic odour : it leaves a greasy stain upon paper, is insoluble 
in water, but freely soluble* in alcohol and ether, as well as in' 
acetic acid. It dissolves fatty and resinous bodies with facility. 
It undergoes no change when exposed to the air. The boiling point 
of octylic alcohol is 356°. It burns with a white luminous flame. 
Sulphuric acid combines with the alcohol, and forms sulphocaprylic, 
or mlphoctyUc acid, whicli yields crystallizable salts. M. Bouis has 
obtained a large number of compound and double ethers with this 
alcohol ; some of them are very fragrant and aromatic. 

The other alcohols will be alluded to in speaking of the fats 

(^134. 1135. ^175)- 

PART in, K 




130 


§ TI. PlKkDUCTS OK THK (JKAOI AL OXIDATION OF THE AlCOHOLS. 


(970) (iemral Properties of the Aldehyds . — It has already 
Ixu^h rnoiitioiied tljat when aleoliol is burned with free access 
of air, the sole products are carbonic acid and water. If^ how- 
ever, tlic combustion be cfTecjtcd at a lower temperature, and 
with a limitcul suj)])]y of air,, numerous other compounds arc 
formed, and the vaj)()urs emitted have a peculiar irritating effect 
on thf‘ (wes and nose, due principally to tlic production of a 
r(‘maikabl(j body, nani(;d aldehyd. The ahioliol, in fact, is iTnj)cr- 
fecaJy burned, 2 equivalents of hydrogen arc converted into water 
Ijy union witli 2 (H|uivalciits of oxygen from the air, and aldehyd 
(d(?]iydrogenatcd alcohol) is obtaincxl : — 

AMphyd. 

c,n A + 02= '(^iiA + 2 no 


Similar compounds are furnished by the imperfect combustion of 
the other ah^ohols. Idie following arc the jwincipal bodies of 
this class which have becni examined : — * 


Forniir Aldoliyd ? . If. (\, 

A('('Lic Aldcliyd . . i (\, 

]V>pioiii(* Aliiyliyd . F,. ll.jO” 

Ihilyric Aldi'liyd . . 

Valcri(' Aldehyd . . 

Ca])r()ie Aldeliyd . . F,.,ll,^<>r, 

(Kiunithylie Aldeliyd ' 

llulie Aidt'hyd . . 



ifie (inivitv. 


'* t 

Li(|uui 

i (jaHtjouH. 


079 

1 

: '’532 


i 079 

1 0*(S’o 

1 2169 

about 140 ’ 
about If, 8^' 

! 0*82 

i 

' 2'96 

230^ 

; 0*827 

: •<■>7''^ 

1 5’f^3 

about 312"’ 

X 

b 

44h" 


Th(' ahhdiyds aix^ (diarac'tcrized by their remarkable tendency 
to combine with oxygxm, in cous(*(juencc of which they absorb it 
by mere exposure' to tlu* air, and become acid. Each equivalent of 
ahh'hyd absorbs 2 equivalents of oxygen, and is converted into the 
corresponding acid ; for example : — 


Acptii; Aldt'hyd, 



Aoetip Acid. 


+ 

2 0 = 

HO. 0,11,63 

Butyrii’ Aldehyd, 



Bntyrii! Acid. 


-f 

0 

II 

no, cjiyO, 


Most of the aldehyds combine ^wih ammonia, and form wdth it 
eom})ounds which are insoluble in ether. When mixed with a 
solution of j)otash, tliey form with the alkali a brown resinous 
mass. Many of them when heated with a solution of nitrate 
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of silver, to which a small (|iiantity of ammonia has been addcMl, 
decompose tlu^ salt of silver, and reduce the metal in the form 
of a mirror-like coating upon the inner surface of the vessel in 
whicli they arc heated. Another reniarkahlc property of tlie 
aldchyds is their power of forming with bisulphites of potash 
and soda crystalline compounds of stable character and .sparing 
solubility (llertagnini, Annal. Ixxxv. 179). These com- 
pounds contain the elements* of one ecjuivahmt of bisulphite of 
the alkali, and one of the aldehyd, with or withiuit water of crys- 
tallization, having the , general formula, (llO, KO, 2 SCX + 
-h .i"Aq). Alany essential oils, such as tliose of bilter 
almonds, cinnamon, cummin, and spiriea, form simiJar compounds. 
These bodies arc probably the aldchyds of a diilercut nf 

alcohols. 

The theoretical composition of the aldchyds has been variously 
rcprcs(;nted. Ijiebig proposed to regard Jicetic aldeliyd as 
{C\lI.JO, llC),or as the hydrated oxide of a ])eeuliar radicle 041X3, 
termetl aretf/l ; and*a similar view would of course apj)ly to the 
aldchyds since discovered they may also be fegarded as com- 


pounds in some measure* analogous to hydrogen itself, acetic 
aldehyd being then rc])rcsented by the formula ^ | 

accordance with the hydrogen type J||. These views will be dis- 


cussed more fully when the propertres of acetic aldehyd arc 
considered. 

The aldchyds are unstable compounds, scvcu’al of IIkuti passing 
into bodies w hich are isomeric! with them, but which j)ossess pro- 
]>erties entirely dilh*rcut from the true and raj)idly oxidizable 
aldchyds. 


(971) ALueuvn, Acetic aldehyd ((\ 1 I/.)J ; gr. of liquid 
at 0*8009; of vajKjur J 532. — Acetic aldehyd wfis the earliest 
discovered member of the group of aldchyds, and owing to its con- 
nexion with the process of aectitication it is by far the most im- 
portant of them. 

Preparation ,, — Aldehyd may be formed l)y tlie gradual oxi(!a- 
tion of alcohol in various w^ays : thus it is formed when the 
vapour of alcohol mixed with air is transmitted through a })(>rcc- 
lain tube heated to low redness, or when alcohol is acted upon 
by dilute nitric or chromic acid : owing to the action of nitric 
acid upon the elements of alcohol, it is always present in nitrous 

K % 
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ether: and it may alao Ih prtK^urcd by ‘the dry distillation of lactic 
acid, or of’ luetuie of copper. Another remarkable mode in which 
aldcjhyd may be obtained lias been pointed out by Natanson : he 
finds that when chloride of acetylium (1069) is mixed with nitrite 
of silver aijd a little sulphuric acid, a copious evolution of 
nitrogeti occurs, and aldehyd is formed abundantly ; — 

Chlori<l«‘ rtf Aeclylium. Aldeh^. 

cyi^li^l + NO3 = HO + 2 N + HO + HCL 

Acetylium is itself derived from Duteh liquid by the action of 
ammonia upon it ; whence it would appear that a close relation- 
ship exists lictwcen olefiant gas and aldehyd. 

None of these reactions are employed for the preparation of 
aldehyd since there are more convenient methods. One of these 
consists in placing three parts of bichromate of potash and three 
of alcohol in a retort, and allowing four parts of sulphuric acid to 
pass drop by drop into the mixtui’e, the vapours being condensed 
in a pi’Qper refrigeratory. 

Aldehyd is however usually procured by Liebig^s method of 
distilling in a capacious retort, a mixture of 6 parts of sulphuric 
axdd, 4 of alcohol (sp. gr. 0*850), 4 of water, and 6 of finely powdered 
black oxide of manganese. In this jiroeess the oxide of manganese is 
decomposed, sul])hatc of protoxides of riiaugaiicse is formed, whilst 
the second equivalent of the oxygen of the oxide of manganese com- 
bines with the liydrogeii ’of part of the alcohol, and aldehyd is 
formed and passes over The product being very volatile must be 
condensed in vessels cooled with iee,and the process must be stopped 
when the distillate bix’oines acid. Since, however, it is in a very 
dilute and impure condition, it is to be rectified from an equal 
weight of chloride of calcium, iu order to free it from alcohol and 
w'ater. This operation is i*(‘pcated tw ice, or even three times. The 
^distilled liquid still retains alcohol, besides a small quantity of 
acetic etlu*r, and a liquid termed acetal (973). For the purpose of 
obtaining it free from those impurities it is mingled with twice its 
bulk of anhydrous etlu'r, and saturated with dry ammoniacal gas, 
w^hilc the liquid is artificially cooled : prismatic needles of snowy 
w^fiiteness arc thus formed ; these crystals consist of a compound 
of aldehyd with ammonia (NII3, C which is insoluble in 

ether, though very soluble in water; they may be dried in the 
open air; they fuse at a lieat a little below 212°, and at 212® may 
be sul)liiued unchanged. If heated in the open air they take fire, 
and burn with flame. After a time, even when kept in closed 
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vessels, tlie crystals become brown, and emit an odour like that of 
burned feathers. To obtain pure aldehyd from them, two parts 
of the crystals dissolved in two of water, are distilled with three of 
oil of vitriol diluted with four parts of water ; the product is 
received in vessels surrounded with ice, and is finally ^jectified from 
chloride of calcium. 

Properties , — Aldehyd is volatile inflammable liquid, with a 
peculiar pungent irritating odom*, wdiich has a faint resemblance 
to tliat of apples. It boils at yd" F., and has a sp. gr. of 0*79 
at 6 5°. It may be mixed in all proportions with alcohpl, ether, 
and water. It has no acid reaction upon litmus paper, but it can 
scarcely be exposed to tlie air without absorbing oxygen, and it 
then forms an acid compound. Aldehyd yields wdth ammonia the 
peculiar crystalline compound already described, but wh^^^i simi- 
larly treated with potasli it gives a brown resinous mass : this is 
one of its most cbaracrteristic reactions. Another striking one is 
its power of reducing the oxide of silver, and of yielding, when 
boiled with solutions of the salts of this metal, a mirror-like 
coating of silver upon thc*sides of the tu])e in which the exjxjri- 
ment is made : the solution sliould be rendered feebly alkaline 
by the addition of a few drops of a weak solution of ammonia. 
In this experiment a portiof. of the aldehyd is converted into 
acetom or aldehyiJic acid, at th() expense of the oxygen derived 
from a portion of the oxide of silver which is thus rediuicd to the 
metallic state, and the newly formed aldehydic acid enters into 
combination with a portion of the undecomposed oxide of silver : — 

Aldehyd. Aldehydufe Silver. 

4- % AgO = Ag 4- no + AgO, 
the aldchydate of silver remains in solution (Liebig). The existence 
of aldehydic acid as a definite compound is however rather 
questionable. 

Chlorine disjdaces a portion of the hydrogen of the aldehyd,* 
converting it into chloral (J017); 

Aldehyd. Chloral. 

CJlJ)2 4 - 6 Cl = cJTcTaO^ 4-3 HCl. 

Aldehyd, when transmitted over a mixture of lime and liydrat^of 
potash in a heated tube, first becomes brown, and is then deeom- 
j)osed with disengagement of hydrogen, leaving a white mass 
composed of acetate of potash : — 

Ald(*hyd. Acetatft of Potash. 

CviJ)2 + KO, HO = KC^JlA + a II. 
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Potassium wlirn plac^cd in contact witli aldehyd disengages hydro- 
gem, and forms a soluble compound (C4II3O2K) possessed of an 
alkaline reaction, uliich absorbs oxygen readily. This compound 
contains the elements of aldehyd, in which one equivalent of 
potassium hiu^ displaced one of hydrogen. 

Aldeljyd when kej)t has been known to undergo a remarkable 
sjxnitaneons eonveisioii into two ncw^snbstances, each isomeric with 
it ; one the s(^ is a solid crystalline body, metaldehydy which may 
*be suldinuxl at 2^8°, before undergoing fusion: tlie other retains 
the^ li(pu(t form and is termed elaldehyd ; the latter may be mixed 
u itii watc^r, alcohol, aiid ether, in all proportions; it boils at 20 1°, and 
Irec'zes at 35‘6'\ The d(nisity of its vapour according to Fchling 
is 4-5137, Avhieh is three times that of aldehyd; elaldehyd axipcars 
tliereforii. to have been formed by the condensation of the elements 
of three equivalents of aldeliyd into one. A third isomeric body 
tiTuied parahltdryd , which is licpiid, and boils at 257"', is formed 
wlum aldehyd diluted with an e(]ual bulk of water is exposed with 
a trace of sulpjiurie or nitric acid to a eolil of 32'"; crysttils of 
metaldehyd arc (lc[)osit(‘d, and j)<iral(le^iyd remains in the liquid ; 
the sp. gr. of its vnpour is 4*583 ; its c([pivalcnt volume coinciding 
with that of elaldehyd. 

(972) Vrvparai 'Km af avvttc and . — The prinei])al interest, how- 
ever, with which aldi'liyd is invested, arises from tlic liieility with 
uliieli it abs()r])s oxygen, and its consequent connexion with the 
pi’oeess of aciitifieatiou. A\’hen alcohol is ex])osed to the united 
iiiHuenee of atmos[)heric air and linely divided platinum, partial 
oxidation occurs, and abb'hyd is produced in abundance : and, 
owing to the readiness uith which aldehyd absorbs oxygen, an 
allenii)t was made to carry the oxidation a step further, and thus 
to ])r('pare acetic acid on a large scale by this method. The use of 
j)latiniim, however,, is now abandoned, but the mauufaeturc of vine- 
gar upon Ibis principle is still extciisiv/^ly followed. In Germany, 
and in otl)er countries where the legislature imjioses no duty upon 
alcohol, dilute sjnrit mixed with a small quantity of infusion of 
malt is tJn^ ordinary material employed in the manufacture of 
vinegar. The mode of procedure is the following : — Large vats, of 
the form shown in a, a, tig. 334, provided with a loosely fitting 
lid, and furnished with apertures at to[) and bottom c, c, and d, d, 
for the free admission and t gress of air, arc filled with deal or 
beech shavings, first dru'd and then soaked in strong vinegar ; 
these shavings rest ni)on a perforated shelf which is supported just 
above the level of the lower apertures, c, e. A mixture consisting 
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of 1 part of alcoliolj sp. gr, 0 8 50^ of 6 parts of water, and yoVuth 
of lioiiey, yeast, or wort, is allowed to trickle slowly through the 
shavings, whilst the temperature is raised to about 80° F. The 
acetification does not proceed rapidly until the process has been 
in operation for some days. It is 
supposed that a peculiar kind of 
fungus or slimy vegetable f^iould 
whicli is gradually fornied upon the 
shavings, and which is known under 
the name of mother of vlnetjar, acts 
somi'what in the manner of a fer- 
ment and accclerat(vs the oxidation. 

It is remarkable that the presence 
of a very minute (piantity of any 
emjiyrcurnatic or tarry matter is 
sullicicnt entirely to ])ut a stoj) to 
the transforniation. As tlie opeu’a- 
tioii proceeds, the heat ris(‘s to 
about joc° or 10^3''; at whk*h ])<)int 
it remains stationaiy. AVhen the alcohol has been made to ])ass 
through the vat four or five times, its conversion into vinegar is 
usually comph'te. \Vell-bu1*n(‘d charcoal purified from saline 
matters by hydrochloric acid, and then thoroughly ivaslual, may be 
substituted for the shavings with good effect. In this ojxjration 
a large surface is exposed to the air, aldehyd is ibrnuxl, and it 
immediately absorbs oxygen from the atmos]>h(‘r(% being thus at 
once converted into common viiu'gar or aet^tie acid : — 

Alcohol. Ahlchvd. 

CyiA + 20 = C.llA + 2 1U); and 

Al<hfh>d. A<’cf ic Acid, 

CyiP. +* 2O = 7 lO, 0,11303. 

Pure dilute alcohol, however, does not absorb oxygen wlicn ex- 
posed to the atinospliere ; it retpiircs the jiresence of somcj va^getable 
matter prone to decomposition to induce the oxidation; and it is for 
this reason that honey or sweet wort is added in the for(‘going 
operation. 

If the sup})ly of air lie insufficient, a large quantity of alcohol 
is w^asted, owing to the formation of aldch} d, wdiicli from its great 
volatility, passes off in vapour before it has become oxidized and 
converted into acetic acid. 
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Diffbrrni views have been taken of the nature of aldehyd ; 
Tvicliig considered it as a liydrated oxide of a peculiar hydrocarbon 
(C^Iiy) not hitherto isolated^ but which he named acetyl, as he 
supposed it to form an (essential constituent of acetic acid. If this 
be so, tlic connexion of aldehyd with acetic acid may be thus 
3'e2)rese?it(.‘d — 

IfO, C.1H3, O = hydrated oxide of acetyl, or aldehyd. 

]IO, CilLj, O2 = hydrated acetous or aldchydic acid. 

HO, 0^113/ 'O3 = hydrated acetic acid. 

Tlicse three compounds, therefore, would be looked upon as 
liydrates of three successive oxides of the same radicle ; a view 
much strengthened by the fact that the last two compounds may 
be procured in succession by oxidation of the lowest oxide. 

Gcrfiiudt, considering that the radicle of acetic acid contains 
oxygen, represents this radicle as C4H3O2, and he supposes that the 
other acids of the same series all contain homologous oxidized 
radicles ; the radicle of formic acid, for instance, being C3HO2, 
that of butyric n/jid being C3II7O3, and so on. Tiie aldehyds are 
regarded by liiin as hydrides of tlu^se ra(*‘icles which have a tendency 
to become oxidized : both the hydrogen and the assumed radicle 
of the acid becoming oxidized simultaneously. These relations 
may be thus indicated — 


Kndiolo. 

Aldehyd. 

Jlydraled Acid. 

Formic . Ch II Og 
Acetic . . Cj Ih^b 

Butyric . 0^ 

V’^alcric . Cj^llyCh 
Ac. 

H iK H 

V] J 1 ,<C H 
c, iiio:, II 
c,„n;,o; H 

&c. 

no, G, II 0.. 0 

HO. C, H30;.0 
110 , 0. ]HO„, 0 
HO, C,„H,0,. 0 
&c. 


Considerable probability is given to this view by the existence 
of man}' eomjKuuuls in which the two equivalents of oxygen 
assumed to exist in the radicle arc preserved in the compounds 
derived from it ; but the nature of the aldehyds and their ana- 
logues, the ketones (1069), is still unsettled. Gerhardt does not 
admit the existence of acetous acid (HO, C4II3O3), or of bodies 
liomologous with it. 

The tendency of aldehyd to rapid oxidation will afford an 
explanation of the fact that platinum black always furnishes an 
acid product by its reaction on alcohol. Aldehyd is first formed, 
but it immediately undergoes partial oxidation, by which it is 
converted into a mixture of aldehydic and acetic acids. By a 
procc^g somewhat similar, weak fermented, but not distilled. 
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liquors frequently become sour when exposed to the air in warm 
weather, a change w^hich forms the basis of the usual method of 
preparing wliitc wine and malt vinegars ; the mucilaginous and 
albuminous matters present in the wort or beer absorb oxygen, and 
induce a similar process of oxidation in the alcohol, in conse- 
quence of which acetic acid is ^formed. The more coirfjdetely 
fermentation has taken place, t^e less likely is vinegar to be formed; 
since, during the fcrnieiitatiun, the azotised and other matters neces- 
sary to further the oxidation of the alcoholic portion are gradually 
destroyed. If much albuminous matter remain in solution, in 
the vinegar after it is formed, the acid is itself liable to undergo 
a further change ; a peculiar mould or fungus appears uj)on the 
surface of the liquid, and the acid is slowly decomposed ; the 
cellulose or ligneous tissue of the fungus being forniejt at the 
expense of the constituents of the acetic acid ; 

Acetic Acid. Cellulose. 

9* (nd/^^lIsOa) = cjCd,"^ + 6 IK). 

• • 

The formation of aldehyd appears always to precenh^ the ])roduc- 
tion of vinegar, just as the transformation of (‘aiuj into grajic sugar 
jirecedes the vinous h'rmcntation. Acctilication, lurwtuuu*, is not a 
true process of fcruicntation ; it is rather one of gradual oxidation, 
and differs from fermentation in the irnjiortant fa-ett that the 
absor])tion of oxygen is necessary during the whole course of the 
operation ; and if the sujiply of oxygen be arrested, the further 
production of acid is immediately stopped. 

(973) Acetal (Cj^lliiOi = 2 Cjllr,!), ('JliOJ, Sp. (jr, of lifjuid 
0 825 ; of vapour 4 24. — This compound was discovered by 
Dbbcreiner among the produc^ts furnished by the slow oxidation of 
alcohol under the influence of liuelv dividend [ilatinum. A number of 
w^atch glasses containing platinum black (823) arc placied in ajar, 
into the lowxr part of whinh a few ounces of alcohol have been# 
introduced : the jar is covered wdth a glass plate, and left for a 
few days in a temperature of about 70"*, taking care to renew the 
air in the jar from time to time. The alcohol rises in vapour and 
undergoes slo\v oxidation, tlic liquid becomes condensed upon the 
sides of the jar, and the products collect at the bottom. The viscid 
liquid thus obtained consists of a mixture of alcohol, aldehyd, acetic 
ether, and acetal. It is first rectified from carbonate of potash ; 
and on adding chloride of calcium to the distillate so long as any 
of the salt is dissolved, a layer of acetal is separated, and rises to 
the surface : this is removed by means of a pipette, after which 
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the cautious aiiiiuum of water to the solution of chloride of cah 
cium eauscH the separation of an additional quantity of the same 
liquid. It is })urified by rectifying it from chloride of calcium. 
Ac(^tal forms a colourless ]i()uid, of an agreeable characteristic odour, 
and a flavour rcscunlding tliai of hazel nuts. It boils at 221°, and 
is soluble in about 6 parts of water, but its solubility diminishes 
as tlu" tcMnf)eraturc rises : it is solul.'Je in all proportions in alcohol 
and ('.th(‘r. Aqiu'ous solutions of the alkalies, if excluded from the 
air, do not dcconiposc acetal. (Stas. yl/m. de (yhiniie, ITT., xix. J46.) 
Oxidizing agcuits transforiti it first into aldcdiyd, and then into acetic 
acid. Acetal may be n'gard(‘d as a combination of aldchyd with 
ether j 3 equivalents of alcohol concurring to its production : — 

Alcnhol. Acofal. 

3 (<^5 1 A) t O, r.. ( + 4110. 

(974) ProidoHir yildidtijd (t VlIrA)^ ^P' P'- of Ihjukl 079; of 
vapour 2*169. — The ahh'hyds which still remain to l)c noticed, are 
couiparativ('ly u)mn])ortant. P'^onaic aUhdi[fd> has not hitherto been 
satisfjK^torily isolait'd, but wc/////////, a body homologous with ac(‘tal, 
is contained amongst the prcxlucfs of* thc‘ gradual oxidation of wood 
spirit by nu.'aus of* |)croxi(l(! ol* manganese and sulphuric acid. 

Propionic aldchyd was found by (Inckelberger amongst the 
‘])rodu(;ts furnished by distilling albuminous substances with a mix- 
tnr(^ of sulphuric acid and jx'roxide of manganese (Liebig’s Aanalvn, 
Ixiv. 42). It passes over mixed with acetic and butyric aldchyd, 
as w('ll as with the oil of* bitter almonds (hydride of benzoyl), 
rropionic aldchyd is a iiiujud rupud of an ethereal odour ; it is 
soluble in water, auohol, and ether, in all proportions. It boils 
between 131' and 149b and becomes slowly acid wdieii exposed to 
the air, yielding ])ropi()nie acid. 

(973'! Bntyric Aldchyd (C\T 1 ^ 0 ^), Sp. gr. liquid o* 8, is obtained 
, during tlic stime ]u-ocess as theforegovng com])Ound. It is a colour- 
less li(juid which is very sparingly soluble in water, but is freely 
dissolved by alcohol and ether. It has an (.‘thereal ])ungent odour 
and a burning taste, and Ixeomes rapidly converted into butyric 
acid by exposure to the air. It forms witli ammonia the crystalline 
eompound characteristic ot the aldehyds, and when heated with a 
solution of nitrate of silver, gives a brilliant mirror of reduced 
metal. It boils betAveen 1 ’*,4" and 

An isomeric compound, termed butyral by Chancel, was 
obtained by the distillation of dry butyrate of lime. It boils at 
203', y ielding a vapour of sp, gr. 2*61 ; and when exposed to the air. 
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rapidly becomes converted into butyric acid. It, however, yields no 
compound with ammonia, and does not reduce the nitrate of silver. 

(976) Valeric Aldehyd Sp.gr, of liquid 0*82, of vapour 

2*c)6 . — This coin})ound may be obtained in various ways. One of 
the best consists in oxidizinj^ fousel oil by means of a mixture of 
sulphuric acid and liichroinate of potash : — 37 parts of bichroftiate of 
potaslj dissolved in Avarni watgr and placed in a retort, arc to be 
p'adually mixed witli 49 parts of oil of vitriol, diluted Avith an ccpial 
bulk of \vat(;r ; 34 jiarts of fousel oil are thefl" to be carefully 
aildt'd ; t])(‘ al(U‘liv(l distils over without the necessit}" lor apjdying' 
lieat. If tlie distillate be mixed with a saturated solution 
of bisulpliite of soda, the compound of bisulphite of soda and 
vah*rie ahhdiyd crystallizes readily, and may be purifu'd by reerys- 
tallization from alcohol. If tlu'sc crystals be mixed witl<^a solu- 
tion of carbonate; of potash, and distilled, valeric aldehyd ])asses 
ovtT, and may b(' dried o\er eldoride of calcium. This aldehyd 
is a highly mpbih*, limpid, colourless liquid, Avith a burnini>; taste 
and a puni»*(‘nt, p(uu;tralin^ odour. It boils at 2^30', emitting an 
ijdlammablc vapour. It insoluble in water, but soluble in 
alcohol and (;th(;r. ]>y .oxiditiou it is rapidly converted into 
valeric’ acid. 

(977) (Eaaal/fffJ/c AldeJufTl ; CEiianlhol (C^iJIuf ^2)* 

liquid 0*8271 at 63 ; of vapour \ " , — This aldcdiyd is furnished by 
the desiructivc distillation of c’astor oil. In order to purify the 
(‘rudc‘ distillate, it is agitated with baryta watc‘r, whicdi retains 
the vohitilc* acids ; the oil, whicli rises to the surjiu;e on standing, 
is submitted to distillation, and is then di’ic'd by di^’cstion on 
eliloi’ide of calcium. ^Vat(;r dissolves it sparingly ; the; boilinj** 
])oint of the oil i*^ about 3 12' . It rapidly absorbs oxyj^en from the 
air, and bc’comcs eonverU'd into Oiiiauthylic; acid. 

(978) Rufic or Caprir Aldehyd (('20^ 20^ ^2)) ^P* it^' liquid at 

64-’ 0*837; of vapour — .This substance is the chief constitiuaiU. 

of the essential oil of rue. It may 1)0 ])urified by distillation. 
This oil has a somewhat viscid consistence; it possesses tin; stron;^ 
disa»;reeable odour of the plant, and an acrid, bitterish, soTnewhat 
aromatic taste;. It boils at about 446*^, and at a ti’inperature of 
about 29° or 30"" concretes into brilliant transparent lamina;. Nitric 
acid acts rapidly upon oil of rue, and furnishes ditfenmt })rodu(;ts 
according to the degree of concentration of the acid ; by the i)ro- 
longed action of the concentrated acid, ])cIargonic acid (110^^^ 
CK^IliyOg), and the lower homologues of tin; groups of acids^re 
obtained; by moderating the action of the nitric acid, rutic acid (HO, 
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t-ioHioOi) iJs procairccl. Essence of me does not absorb oxygen 
\( ry raf)idly, nor is it easily converted when heated with hydrate of 
jiotash into the rutatc of this base ; but it combines readily with the 
alkaline bisulphites, and forms with them crystallizable compounds 
wliich corresfjond with those formed with the other aldehyds. 

« 

Tl.ie acids produc(;d by ther oxidation of the alcohols and alde- 
hyds would naturally be taken into consideration at this point, 
but it will be m(h'c convenient to defer the description of these 
eojinpounds until the fats have been examined (1152, et seq,). 


§ III. Action of the Acids upon the Alcohols. 


(97A) When a hydrated acid is mixed with one of the alcohols, 
several cas(‘s may arise, dependent on the nature of the aeid, the 
jiroportions in which it is added, and the temperature applied to 
the mixture. 

ist. If a i)olybasic acid wdiich has a strong affinity for water, 
such as the sulpliuric, the phosjihoric, .or the arsenic, be added to 
one of the alcohols, the elements of th^e acid and of the alcohol 
enter into combination and form a new comjxnind acid; a vinic 
acid l)cing pi’odueed, in (juautity vail ing with the temperature and 
relative proportions of the acid and the alcohol. 

2nd. If such a mixture be sulimitted to distillation, the alcohol 
is dccom])oscd, and a quantity of (‘ther is formed and volatilized ; 
whilst the residue in the redort is capable of edbeting the etheri- 
fication of fresh portions of alcohol. 

3rd. If the proportion of acid to the alcohol exceed a certain 
amount, or if the temperature at which the distillation is effected 
rise biyond a certain pinnt, the decomposition proceeds further, 
and a nmnlicr of hydrocarbons homologous with olefiant gas are 
jormed ; w hilst at still higher temperatures the acid originally used 
b(‘gins to undergo decomposition, and the products arc still more 
complicated. 

4th. When an organic a<nd is submitted to distillation with one 
of the alcoliols, a double decomposition occurs, and a compound 
ether is produced, whilst the elements of water are separated ; thus, 


Acetic Acid. 

c."aTo + 

11 j”* + 


Alcohol. 

Cjl,) 


Acetic Ether. 




Water. 



It is generally found advisable in such cases to use a salt of the . 
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orgaiiic acid, and after this salt has been mixed with a due prop<)r- 
tioii of alcohol, to decompose it by the addition of sulphuric a(*id. 

5th. If a hydracid, such as the hydrochloric, hydrobromic, or 
hydriodic be made to act upon an alcohol, double decomposition 
occurs, and an ether is formed by the substitution of the radicle 
of the alcohol for the hydrogen of the hydracid ;* thus^ m hen 
hydrochloric acid acts upon alcolfol, water and hydrochloric ether 


are the result : — 




Alcohol. 

Hydrochloric Acid, 

Water. 

Hyirochloric Ether. 

cSQo 

Hj 

H) 

+ Clj = 

^0 

+ cTiu 

^ Clj 


The Vinic 

Acids. 



(980) When a mixture of concentrated sulphuric acid with any 
of the alcohols is heated to about 212°, a portion of the two 
compounds enters into combination, and the result is the forma- 
tion of a new*couj)lcd acid in which the elements of i ecpiivalcnt 
of the alcohol and 2 cquival^cnts of sulphuric acid*arc present. In 
these compounds the cxisteftete jf sulphuric acid is no longer indi- 
cated by the formation of an insoluble sulphate of l)aryta on the 
addition of cfiloi'ide of barium*; the baryta salt of these acids being 
readily soluble in water. 

The following may be taken as examples of a few of the com- 
pound acids thus obtaiiipd : — 


Ilvdmton. 


Potanh SiillB. 


SiilpUomolhylio . . . 

Suiphothylic, orsulplio- 7 
vinic 

S iilpliotri tyli c (propyl i c) 
Siilphotetrylic (biityiic) . 
Sulphamylic . * . . 

&C. : 


no, c, ri,o, 2 SO3 
no, c\ H, o, 2 SO3 

HO, C, H. o, 2 SO3 
HO, 11;, O, 2 SO3 
110, 2 SO3 


(KO, Co H,, O, 2 SOg-l-Aq) 
(KO, C, 11 , O, 2 SO3) 

(KO, C, IT. O, 2 SO.,) 

(KO. H., O, 2 so;) 

(KO, 2 SO^-f Aq). 

&c. * 


These acids form crystal lizablc salts with potash, as well as with 
lime, baryta, and many other bases; but the salts thus formed 
are unstable, and sometimes undergo s[)ontaneous decomposition ; 
these compounds have a peculiar pearly lustre. It is important 
to remark, that although tlic acid contains the elements of two 
equivalents of sulphuric acid, the salts arc monobasic, and contain 
only one equivalent of metallic oxide, as may be seen by inspecting 
the column headed " potash salts.^ 

The hydrates of these sulpho-acids are more unstable than their 
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m(!talHc sain. , (ln y cauuot be distilled without undergoing decom- 
position, and they then break up into the other corresponding to the 
al(!i)hol which furnished them, and sulphuric acid. If diluted with 
water and heated, the solution becomes rapidly converted into a 
mixture of dilute sulphuric acid, and the alcohol from which the 
compound was originally obtained : for instance, 

SulpliHhx lit* Arid. * Ak-ohol. 

, , f ■ , 

HO, (:,11,0, 2«03 + a no, = ho, CJI^O + a (HO, SO.3). 

<r 

Tlic most intcrc'stiug of those acids is the sulpliethylic, and it is 
ijcc'cssaiy to examine its iiropcrties on account of the important 
part w'hi(!h it has occupied in the theory of etherification. 

(981) Sftlphet/njUc^ or Bv I phovhnc Acid 2 SO3 = IIO, 

Cj,ll,r,()^2 SO;^). — When alcohol is mixed witli an equal measure 
of oil of vitriol, great heat is evolved, and the two bodies enter 
jiartially into combination.* The sulphuric acid thus combined 
u ith the elements of alcoliol, loses half its saturating power, and 
the compound acid forms with baryta, with*'liinc, and with oxide 
of lead, salts wfiich arc soluble in Abater, lly adding sulphuric 
acid gradually to a solution of the baryta salt, until no further 
])rccipitate of suliihatc* of baryta is produced, the acid is set at 
liberty iti a state' of ] unity . ^t was originally called the 
snlphorinic acid, ljut the term sal phet hylic, by which it is now 
frecpuaitly dc'seribed, is' better, .as it forms one of a numerous class 
of analogous acids. Suljihc'thylic acid may also be formed by gra- 
dually adding either, ja'rlectly freci from alcohol, to concentrated 
sidj)huric acid ; the t('m]»erature rises rapidly, but must not be 
.allowed to exc'ced 250" : on diluting the mixture with water it will 
be found that nearly the whole of the ether has been converted 
into sul})hethylie ac’id. It is worthy of notice in connexion with 
the theory oi‘ etherification (990), that when alcohol is mixed with 
^sulphuric acid, diluted till it contains 4 equivalents of water (HO, 
SO;{, A([), no sulphethylic acid is formed at ordinary tempera- 

times, but this acid is produced if the temperature be raised to 

o 

2J3 . 

The hydrated acid is very uustable. If diluted with water 


* The alcohol is never viioilv converted into the now acid, for even if 
anhydrous alcohol be inixi'd in the aboTo 'projiortions with rnonoliydrated 
sul})huric acid, not niort* than half llie alcohol beconu’s converted into the 
viuic acid, since, in the act of combination, a ])Ortion of wrater is displaced from 
the oil of vitriol; .and on ajuilying a heat of 212^ diluted alcohol gradually 
passes over, though the liquid Joes not boil at this temperature. 
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and distilled, alcohol passes over, and nothing but siilpluui^r 
acid is left in the retort ; but it may be concentrated in vacuo, 
uhen it forms a colourless syrupy liquid, of a sharp acid taste, 
not miscible with ether. It gradually undergoes spontaneous 
decomposition. When heated in the presence of an excess of 
alcohol, it experiences a remarkable decom])osition/to w^^ieli it 
will be necessary to give })arti4;ular attention (990), owing to 
its being attendoxl witli the formation of ether in large quantity. 

The sidphcthylates are all freely soluble ii^ water ; many of 
them are likewise dissolved by alcohol ; most of these salts 
crystallize with facility in pearly scales which have a greasy ff(d. 
AVlien subjected to dry distillation, they yield ol(*tiant gas, heavy 
oil of wine, and sulphurous and carbonic acids, leaving a residue 
of sulphate of the base, mixed with charcoal. If distilled with 
liydrate of potash th(\v yield alcohol. When in solution ffiey are 
decomposed at a boiling tcrn])erature, the solution, if mnitral, 
becoming acid during the ('bullition ; but this change is ])r(wcnt(ul 
in the case of the sqlrhethylatc of potash and soda, by the addi- 
tion of a few drops of *i solution of the hy(lrat(‘s (?f these alkali(‘s. 

Stdphethylate of pota.sk is anhydrous and somewhat d(‘li- 
quescent, but insoluble in alcohol or ether. It crystallizes rc^adily 
in lai’gc tables. Sa/pket/n/lut^ of baryta (aystallizes with 2 (^cpii- 
valents of water in rhombic prisms, which are solubk; in water and 
in alcohol. Salphetfiy/ate of liiaa ((.'aO, 2 yVfj) 

crystallizes in thin six-sided tables, very soluble! in water but 
not in ether. It sometimes undergoes spontaiK'ous decomposition. 
The neutral miphrthylata of I ( ad (PbO, SX^., 2 A(j) forms 

colourless table's, which are snlubh! in water and in ahiohol ; they 
are liable to sj)ontancons decomposition. If digc'stcd upon an 
excess of oxide of l(!ad, a soluble uncry .stallizablc subsalt, with 2 
equivalents of base, is formed. 

Acids isomeric with the Safphethylic . — Besides sidphethylic 
(sulphovinic) a<!id, there apfjear to be three other isomeric sulpho-^ 
acids formed by the action of oil of vitriol upon alcohol, viz. : the 
iscthionic, parathionic, and althiouic acids. 

(9S2) Isethionic Acid (110, C 4 ll-S/) 7 ). — This acid is at 
once distinguislied from the sulphcthylic by the greater stability 
of its salts, wdiich may generally be heated to 400'', without expe- 
ric'ncing decomposition. Iscthionic acid is formed readily by 
boiling a strong solution of ethionic acid (984) for some time. On 
neutralizing the solution by means of carbonate of baryta, the 
isethionate of baryta (BaO, CJI^S-Py) is obtained, and may 
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lie })rocurefl in lu xagoual tables which may be heated to 608®, 
wlien tlicy fu.se without undergoing decomposition. By a stronger 
heat they are decomposed^ and blacken, swelling up very consi- 
derably. Isetkionaie of potash crystallizes in anhydrous rhom- 
boidal prisms, which are soluble in alcohol. Isethionate of 
ammoma forms transparent octohedra. The isethionates, when 
heated with hydrate of potash, evolve hydrogen, and a mixture of 
carbonate, oxalate, sulphate, and sulphite of the base is formed. 
Isetliionic acid is also formed during the prolonged action of 
liydrated sulphuric acid upon alcohol or ether, and it is found in 
the residue obtained from the preparation of ether (989). 

Paraihionic Acid , — This acid is only known in combination 
with baryta. If the solution of sulphethylate of baryta be boiled 
for some time, it becomes acid, and deposits sulphate of baryta ; on 
neutraTizing the tiltcrcd liipiid with carbonate of baryta a crystal- 
lizabh*- parathioiiate ol‘ baryta is obtained which is not altered by 
boiling. When calcined it does not froth up like the isethionate, 
but yields ^'aj)Ours of heavy oil of wine, and .burns steadily. 

Another isoiiieih^ modilication, termed by llegnault althionic 
add, was procured by him from the residue of the preparation of 
ether. The baryta salt may be boiled when dilute without under- 
going decomposition. By spontaneous evaporation this salt is 
obtaiiH'd in radiated groups of delicate prisms. 

(9(83) Artijidal fSKftnation of Alcohol from Olefiant Gas , — 
The action of an excess of suljdiuric acid upon alcohol at 325® has 
already be(m considered (399), Jis it is the usual process for 
obtaining olefiant gas. Hut the action of olefiant gas upon the 
acid is not l(‘ss intei\‘stiiig. Baraday show^ed that when this gas 
is subjected to the action of concentrated sulphuric acid it is 
absorbed in considerabh* (|uantities. Berthelot has recently recalled 
attemtiou to this observation, and lie has succeeded in obtaining 
alcohol from olefiant gas by its means. • One of his experiments 
cousisU‘d in filling a glass vessel, of about 2 ^ gallons in capacity, 
with pure olefiant gas, then introducing about zlb. of pure oil of 
vitriol, and a few ])ouuds of mercury to aid in bringing the acid 
into contact w ith the gas, when the mixture was agitated vigorously. 
After keeping tlie mixture in brisk agitation for some time, the gas 
w as absorbed, and the colour of the acid became deepened. On 
diluting it with 6 times its bulk of water, submitting it to dis- 
tillation and then rectifying from carbonate of potash, nearly two 
ounces of pure alcohol were obtained. Coal gas contains a consi- 
derable proportion of olefiant gas, and by agitating it with sul- 
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phuric acid it tliiis is rendered possible to procure alcohol from the 
gas in ordinary use for illuminating purposes. 

(984) Olefiant gas combines readily with anliydrous sul- 
plmric acid, producing a compound which may be regarded as 
eihionic anhydride. This componnd is converted b^ water into 
hydrated ethionic acid ; and tlio solution, when boiled, becomes 
decomposed, hydrated iscthionic *m\d sulphuric acids being pro- 
duced. These decomj^ositions may be readily traced, since the 
composition of these ditlcrent compounds is the fcpllowing : — 


Ethionic anhydride . . . Jin - 

Hydrated ethionic acid . . 2 HO, OJl^, 2 S.O^j 

Iscthionic acid .... HO, (\Hr,, S/I7 


Consequently the change which occurs, when liydrated e^iionic 
acid is diluted with water and boiled is the following : — 

IfyJrattMi Ethiouic Acid. iMcthionic Acid. Sulphuric Acid. 

a no, Cjii, +. ■ ao = + a (Tio, SO^). 

•• 

Ethionic Anhydride 2 S^O,.) was termed by IMagnus, its 

discoverer. Sulphate of Carlfyle. It is pr(‘])arcd in the form of a 
white crystalline solid, by allowing the vaj)ours of anhydrous sul- 
phuric acid to come into coutnet with dry olOiant gas in a bent 
tube kept cool. The same comjKmnd is olitaimul when a tu])c 
charged with anhydrous alcoliol is placed in a bottle fittc'd with an 
at.2urately ground sto])p(5r, containing anhydrous suljdiurit; acid ; 
in the course of a few days white silky crystals of ethionic (inhy- 
dride are formed in the tube. These crystals melt at 176", and 
rapidly deliqiK^scc by (ixposurc to the air. They are solu])le iu 
w ater and in alcohol w ith great (devationof temperaturi*, and cannot 
be recovered by evaporating the lu[uid, for tlu^y assimilate 2 ccpii- 
valents of w^ater, and become couv(‘ited into tluj hydrated acid. 
The acid thus obtained, however, is not pure, sinee owing to the 
elevation of temperature a portion of ethionic is converted into 
isctliionic acid. If the solution be neutralized by means of car- 
bonate of baryta, and evaporated at a temperature below 212"^ 
until precipitation commences, ethionatc of baryta is formed and 
may be obtained l)y adding absolute alcohol until the density of 
the solution is reduced to 0*900 \ the salt thus precipitated is 
impure ethionatc of baryta : it must be redissolvcd in water, and 
again precipitated by the addition of alcohol. The cthionates arc 
soluble in water, but insoluble in alcohol ; they are decomposed 
by a temperature of 212°. If ethionatc of baryta be heated 
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strongly in n it jnclds sulphuric acid and a sublimate of 

su![>hur, the residue containing sulphate of baryta and sulphide of 
barium. The (^thioiiates of potash, ammonia and soda may be 
readily obtained in crystals ; they are prepared by decomposing a 
solution of cthionatc of baryta by means of a solution of the 
8ulptet(‘s of tlie different bases. 

(98 ij) Other Vinic Acids — ^l^ho-acids may be obtained from 
the methyl ie, tritylic^ tetrylic, amylic, and other alcohols, by 
treating them id a manner similar to that directed for procuring 
siil])]iethylic acid. Sul[)liomethylic acid maybe obtained in crystals 
by evaporating its solution in vacuo. But the sulphuric is not the 
only acid which gives rise to these compound acids with the alco- 
hols. Tlic j)olybasie acids in general exhibit this power, even though 
their ^'^cid character may be but feeble. Carbonic, oxalic, and 
tartaric acids, for instance, may be made to yield compound acids 
analogous to the sulphcthylic; and the same thing lias been observed 
with sulj)hocarbonic acid (liisuljihide of carbon). The tribasic 
acids, such as tlie pliospboric; and arseniej' even *form two acid 
compounds. '^Hie fornnilie of some of these coupled acids in the 
(‘thylie series and of their salts are cxiiibited in the following 
table : — 


! Vinic Aciclfi. 

1 

liydrato. 

Metallic* Salt. 

(^irl)otliylic* . , . 

Xaiilhio or Sul- ( 
plio-carbflliylic J 
Oxalelliylin . . . 

^fartri*! liylic, . . 

-ElJiy]sul})lnirou.s . 
PlioH|)hciliyli(* . . 

l)i})|if>s|))u'i hylic . 
-Diaivsciit^l hylic . . * 

IJ0,CJI,0,C,0, 

nO.C.H.O.C.H. 

llO.C.ll/). 8„(). 
2n(),c,ii,(),P()_ 
lR),2(C,ll„(),)i>0, j 

KO, (’,11,0, CA 

xo, as, I 

XO, 0,11,0, 0>« 

xo, 0 , 11 , 0 , O,H,O ,0 
xo, 0 , 11 , 0 , s.o, 

2 BaO, (',II.,0/P0,,-f-i2 aq 
Pho, 2 ( 0 , 11 , 0 ) pci, 

BaO, 2(0, H,0) AsO, 


Similar eompoviiids may he formed with the other Jilcohols. 

Carhethi/lic add cannot be isolated, but the carbetliylate of 
potash is obtained by transmitting a current of carbonic acid 
tlirougli a solution of hydrate of potash in absolute alcohol. It is 
soluble iu alcohol, and forms pearly scales which are decomposed 
by water into bicarbonate of and alcohol. 

Xanthic or Sulphocarhei hylic Acid , — Xautliate or sulpbocarb- 
ethylate of potasli is a salt which crystallizes in needles. It is 
easily obtjiined by adding to an alcoholic solution of potasli, a 
quantity of bisulphide of carbon, until the alkaliue reaction has 
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disappeared : on exposing the solution to a cold of 32°, tlic salt is 
deposited in needles; and the carbosidphethylic acid may be 
obtained from tliis salt by decomposing a concentrated solution of 
it with hydrochloric acid, when it separates as a heavy oily liejuid. 

Oxalethylk Acid . — The oxalethylate (oxalovinal^) of potash 
is obtained by decomposing oxalic ether dissolved in »icohoI 
by a quantity of an alcoholic V>lutiou of potash sufHcient to 
combine nith one half of tlie oxalic acid which it contains. 
The alcoholic solution yields pearly scales of ithe salt, which, 
wJien decomposed with fluosilicic acid_, furnishes fr(*e oxaleth}dic 
acid. 

EthyJsidpkurous or sulphoethylollc add is obtained by acting 
U])on inerca])tan (995) with nitric acid (of sj). gr. 1*23) 

so Jong as decomposition continues to take place : violent r^actioii 
occurs, attended with the esc.ape. of nitrons fumes. Tin*, c'xeess 
of nitric acid is expelled by evaporating tlie liquid over the 
water Imth, and the residue, after dilution, is saturated with car- 
bonate of lead; the 4 iitired liquid is evaporated, and the ethyl- 
su]j)hito of lead is allowed /o crystallize. If this salt be decom- 
posed by means of sulphuretled hydrogen, the acid is set at liberty, 
and, ])y concentration over the water bath, it may bo obtained in 
trans])ar(int crystals, which have an acid disjigreeable taste. 

Phosphet/tylic or Phosphoviulc Acid. — WIkjji (upial parts of 
alcoliol and syru})y jdiosphoric acid are heated togcdhc'r, combi- 
nation takes place , phus[>hcthylate of baryta may be ()l>tain(‘d by 
saturating the liquid with carbonate of baryta, distilling off the 
excess of alcohol and tlien filtering the solution and allowing it to 
crystallize. On dc(!OTnposing tins salt caiitiously ])y the addition 
of sulphuric* acid, the ])hosj)hethylic acid is liberatcjd. 

Diphosphd hylic Add. — By adding anhydrous phosphoric acid 
gradually to absolute alcohol, n mixture of phosphethylic and 
diphosphethylic acid is formed. On the addition of carbonate of^ 
lead, the phosphethylic acid and the excess of phosphoric acid are 
removed, whilst the dipho.>phethylate of lead remains in solution, 
and may be obtained in crystals by evaporation ; if the acid be 
rcfpiircd in & s(q)aratc form, it may be procured by passing sul- 
phuretted hydrogen through a solution of the lead salt. When 
the diphosphethylate of lead is subjected to a heat of about 370°, 
it is decomposed, and phosphoric ether ( 3 C4II5O, PO5 ) distils 
over : — 

Diphoaphotbvl. L<‘a(l. Phosphoric Ether. Phosphctliyl. Lead. 

2(pbb7i^-oL PO,)' = 3'(C^,0), PO 5 + ^FboTcTHAic^ 
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(986) Genmd Remarks on the Ethers . — The ethers admit of 
(roiiveiiiciiily subdivided into three classes, viz., 1. The 
simple ether^y of whic;h ordinary ether (C4II5O, C4H5O) is the best 
rej)res.jntative. 2. The double ethers, discovered by Williamson, 
such as tlie methyl- amylic (CallaO, C^oIIj^O), and the ethyl- 
octylic (€41^,0, CjylljyO). 3. The compound ethers, which may 
either contain the elcinents of a simple ether, and of an anhydrous 
oxj-acid, such as nitric ether (C4II5O, NOg), ac>etate of amyl 
C4II3O3), and formiate of methyl (CgllgO, CgHOg) : or 
they may be produced l>y the action of a liydracid, such as tlie 
hydrocldoric, upon one of the alcohols; hydrochloric ether (C4H5CI) 
and lM;(lriodic ether ((/.tll-l) affording examples of this kind. 

(1) The simple ethers, which contain oxygen, are usually 
formed by the distillation of the alcohol with sulphuric acid ; in 
this case the distilh'd liquid may be viewed as a compound derived 
from the alcohol by the removal of an equivalent of water. There 
are, however, reasons for thinking that the true relation between 
the al(;ohol and the ether is of a different ^lature ; but, supposing 
this hyj)othesis to be (.'orrect, the sim])le ethers which contain 
oxygen might be considered to consist of oxides of particular 
liydrocarbons (^^’hich form the radicles of tlie ethers), whilst the 
alcohols would be hydrated oxides of the same bodies. Thus Liebig 
riqirescuts ordinary (ethylie) ether as (C^IL^O, and ordinary 
alcohol as llO. Berzelius suggested, on the other 

hand, that (ither and alcohol might (iach be formed in a similar 
manner, and r(‘(‘cnt re searches, particularly those of Williamson, 
have rendejred it highly probable that the molecular constitution 
ol both alcohol and ether is similar, so that both may be regarded 


as compounds ibrmod upon the tyq^e of water which 

case alcohol would be water in which one-half of its hydrogen 
has been displaced by ethyl ; and ether would be water in which 
both halves of the hydrogen have been displaced by ethyl; thus,* 

Water, Alcohol. Etlier. 



II \ ^ 




* It will be reoollected that Gerhardt doubles the equivalents of oxygen, 
carbon, and sulphur; a view adopted by Williamson, Brodie, and others, and 

that in consequence these chemiits regard water as ^ | 0. G-erhardt’s double 
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This doubling of the formulae of ether has become necessary in 
consequence of Williamson^s discovery of the existence of double 
ethers^ the general properties of which we proceed to examine. 

(2) Double Ethers . — When sodium or potassium is added 
gradually to anhydrous alcohol, a brisk action occurs,, the tempe- 
rature rises rapidly, and the metal is dissolved, whilst an extrica- 
tion of pure hydrogen gas takes^ place, and a fusible, crystallizable, 
deliquescent compound is ibrmed, which has received the name of 
sodlum^alcohol (or potassium-aleohol), or of ethyUvie of soda (or of 
potash) ; its composition being such tliat it may be n'garded as 
alcoliol in Mdiich one equivalent of hydrogen has been disj)laccd by 
one of sodium or of potassium ; thus, if sodium be used : — 

Alonhol, StMiiuni Alrohol. 

-f Na = C 1 II 5 C), NaO + 11 

This and the subsequent reactions may, perhaps, be more readily 
traced by throwing the equations into a form similar to the 
following : — • 

Alcv)lu)J. So<litiTn Alcohol. 


‘■‘hjO. + f** = '= + " 

The action of sodium or jiotassium upon the otlier alcohols is of 


(Hpiivalerita are hcrogivon iu italics to dislinguisli llicin from those in ordinary 
use. The cliemista who adopt (icrliardt s views furtlKT n'gard (hr* smallest 
})artic*les of hydrogen as it exists in tlie ^mseous slate, not as eonsisiinir of the 
elementary nic>leenh‘S of liydrogen 11, hut rather as bcdiig eaeh eomjxised of 

two molecules, jj j thus making hydrogen gas a hydride of hj/droyni; the 

oxygen in the inoleeule of water | 9^ being indivisihle, hut the 

liydrogen being divisible into two jxn-tions; eaeli jxirtion being supposed 
to be capable of displaiamient by an eipiivoilent of various metals, such as 

potassium, sodium, calcium, kc , ; hydrate of jiotasli being ^ ^ O, slaked 

* • H ) ^ 

lime 0 ^^ V O, and so on. In like manner the molecules of hydrogen are sup- 
posed to be separately displaceable by a molecule of ethyl, (Coll^); of methyl, 
(Cfla); of amyl, (C 5 II,,), tfcc. ; so that the formula? of water, alcohol, and 
ether will be respectively— 

Water. Alcohol, Ether. 



This atomic hypothesis of Gerliardt’s is not essential to the view of the 
formation of ether given above, but it tends eousidi?rably to simplify it. 
Suljihuric acid, it must be borne in mind, is regarded by Gerhardt as dibasic, 

and hence he would represent it as jj > O, /SO 3 ; and sulphcthylic acid as 
^* 11 ^ I (1102). 
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ati aiuilojroTi" nauire; for example, a similar result is obtained 
wbet\ wood spirit is treated with sodium : — 

Al<'oh«K Sodium Metbylcohol, 

+ Na, becoming 

Now, if the sodium compourM of alcohol be sealed up in a tube 
with an equivalent amount of iodide of methyl, and heat be 
a})|)lie(l, mutual deco ni position occurs ; iodide of sodium being 
fornu'd, whilst the molecule of methyl takes the jdace of the 
sodium in the alcohol, and thus a double ether, the cthylmethylic, 
is formed : — 


Sodium 

Alcdmi. 

Iodide of 
Moihvl. 

Ethylmo- 
thy lie Ether. 

Iodide of 

Sodium. 

Na ] •* 




A reaction of a 

similar kind 

is obtained if iodide of amyl be 


mad(; to act upon the sodinm-aleohoi ; amyl-cthylic ether being 
formed in this case, as follows: — 


Stxliuni 


Iodide of Amyl. 


ATiivl*<‘thylie ‘Utbpr. 


c,ll,0, NuO + = (CJIA C.ollnO) + Nal ; or 

+ I /- 


Several otlier double others have been formed by analogous 
methods. An equivalent of each of tlicsc ethers yields 4 volumes 
of vapour, as may be sceii by com})ariug the theoretical with the 
experimental numliers : — 


t iVrotliyl-othylic Ether 1 
Meth vl’Umylie El her i 
Amy 1-el liy lie Ether . j 


lloiling 

point. 

0 p 

Spocilic Oravify, 

- - 

Theory. 

Experiment 

aiT,o, C 4 H. 0 
c03;o, c,„h;,o 

C,H,,A 0,„ll„O j 

SI’S 
i 197-6 
23 . 3’6 

2*084 

3346 

4 ’ 03 i 

2-158 

3’74 

4*042 


Noav, it iodide of ethyl be substituted for the iodide of amyl, 
or iodide ot methyl, in the foregoing experiment the iodide of 
ethyl also is decomposed by tlie sodium-alcohol, and ordinary 
ether is produced : — 


Sodium Alcohol. 



F.f hylic F.thcr. 



Nal. 


The conclusion, therefore, appears to be inevitable, that the molecule 
of common ether must likewise be analogous in its consti-uction to 
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the molecules of the double ethers. Moreover^ if the equivalent of 
ether be regarded as composed only of C4H5O, it yields only two 
volumes of vapour ; wdiercas, if the equivalent be taken as 
(C4H5O, C4H,r,0), it yields four volumes of vapour, like alcohol 
and the other organic compounds. , 

(^) Compound Ethers . — When one of the alcohols is bns)ught 
into contact with a hvdratcd monobasic acid, the two bodies react 
upon each other, two equivalents of water are eliminated, and the 
elements of the anhydrous acid and of the ctlnu’ unite together, and 
form* a compound ether. Thus, when acetic acid is subjected to 
distillation with ordinary alcohol, acetic ether is produced : — 


Acetic Acid. 



Aoclio Ether. 


Wnter, 


C.115 + 


11 ) 

U\ 




A double decomposition occurs in this case, as in the foregoing, 
the basic liydrogen of the acetic acid changing plact^s with the 
molecule of cfhyl coy tal tied in the alcohol. When the aftinitics 
of the acid are not very strong, the reaction is facilitated by 
mixing one of salts of the pcid with alcohol, and then lii)crating 
the acid by the agency of* sulphuric acid; in this mamuT formic 
ether is readily obtained by dijjtil’ing a mixture of dry lovmiatfi of 
soda, alcohol, and concentrated sulphuric acid, although hydrated 
formic acid and alcohol, when distilled togethcT have but a (!orn- 
paratively small action upon each other. Bertlndot obtains the 
reaction of the organic acid upon the alcohol in most cases, 
without the intervention of a stronger acid, by exposing the alcohol 
and the acid in scaled tui)cs for some hours to a tein])craturc vary- 
ing from 212° to 480°. 

Many compound ethers, such as the butyric, the benzoic, and 
the palmitic, may, according to AT. i^crthelot, be obtained by 
sealing up a mixture of the hydrated acid with the simj)le oxygen 
ether in a tube, and exposnig it to a temperature of about 750°.^ 
In this case only one c(juivalent of water is separated from the 
hydrated acid. (Ami. de Chhtiie, 111 . xli. 432.) 

Other modes may be adopted for obtaining the compound ethers. 
When the oxychlorides of the monobasic acids (1097) heated 
with alcohol, a (jom pound ether of the corresponding monobasic 
acid is obtained : thus benzoic oxychloride (chloride of benzoyl) 
yields benzoic ether when heated with anhydrous alcohol : — 

Benzoic Oxychlor. AlcohoL Hydrochloric Acid. Benzoic Ether. 


O,. 



+ 


_ iq 4. ■) 

II ju, - 
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The (lintillatian of the concentrated aqueous solution of a 
vinic salt, Hutrli as the sul[)honi ethylate or sulpliethylate of potash 
or of lime, with a (*o nee titrated solution of the sulphide, sclenide, 
telluride, or cyanide of potassium, funiislies an easy method of 
obtaining the eorresponding ether with sulphur, selenium, tellu- 
rium, cyanogen. Tims if the cyanide of methyl were required, 
the nwtion would he the following: — 

8ulph<trn»'l hvlnto i>l' Pof anh. Cyanide of Mclh)^. Bulphato of Potasl). 

KO, (yi;,0, + KCy = C,lI,Cy + ^(KO, SoJ. 


' Other modes of jirejiariiig partieular ethers arc adopted ; these 
will he noticed when the ethers to which they ajiply arc described. 

TJie ethers of the hydraeids are readily formed by the direct 
action of these acids upon the alcohols ; hydrochloric ether, for 
instance, may be Ibrnu'd by saturating alcohol with hydrochloric 
aiad gas, and wsnbmitting the mixture to distillation 


.Hydrochloric acid. Water. 


llydj'oehlorif Ether, 




(X + 


J0() ' CM, 

ui 2 + 


The molecule of etliyl in the alcoholy and that of hydrogen in 
the acid, chaugt' places, and hydrochloric ether and water are 
productid by double* dtToinjiositioii. ' 

Advantage is taken of the facility with which the hydraeids 
act upon the alcohols, in order to prepare compound ethers with 
acids of eoin])arativ(*ly ft'cble ailinities. Thus if it he* desired to 
obtain ethers of the fatty acids, such as jialinitie ether for example, 
the palmitic acid is dissohed in alcohol, and a current of hydro- 
chloric acid is transmitted, whilst the alcohol is gently heated. 
After the reaction has terminated, the product is washed with hot 
water; and the palinith* ('tlier being insoluble in water, is readily 
sejiarati'd from the mixture. It appears tliat hydrochloric ether is 
V^ii*st formed, and this afterwards undergoes double decomposition 
when hi‘iited with the fatty acid : — 


llyaroehloric Ether. 


C.U4o 


"^0 

II) ■ 


Ilydroohlopio Ether. Prthuitic' Ai'id. 


Palmitic Ether. 



H ) - 


^32 ^^ 3 1^2 

C4H5 


The ethers of the dibasic acids, when converted into vapour, yield 
only two volumes of vapour for each equivalent of oxide of etliyl 
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which they contain : so that if four volumes of vapour he taken as 
the representative of an equivalent of those compounds, the 
formula of the oxalic, carbonic, and succinic ethers, must be 
taken as containing one equivalent of the dibasic acid and two 
equivalents of oxide of ethyl ; the formula of carbonic ether being 
written (2 C^OJ. 

(987) Nature of the Conip^tmd Ethers . — Liebig has proposed 
to consider the compound ethers as salts, in which the acid is 
supposed to be combined with an organic o>fldc instead of a 
metallic one ; acetic ether, for exanij)lc, being regarded as ae^etatc 
of oxide of ethyl ; (C4TI.) O, Cillj^Oj. The organic oxiilc, how- 
ever, cannot readily be displaced by a metallic oxide, — as oxide of 
ammonium can from its salts, by means of oxide of potassium ; 
and the properties of the ethers, as well as tlu'. mode their 
formation, arc in reality more allied to those of the amides than 
to the ordinary salts. Indeed, they j)resent a striking analogy 
with the amities {]045), as may be seen on comparing them in 
a few leading particulars. ^ 

The amides are formed by the union of ammonia with the 
acids, whilst an elirainatirxi of water takes place. Benzamide, for 
instance, consists of the elements of benzoate of ammonia, minus 
water; thus — 


Ammonia. Bouzoic Acid. 


II 

II 

II 


N + 


II 


0 , 


Benzamido. 

cJiToT 

II [ N 
II ) 


Witt or, < 



Benzoic ether contains the elements of benzoic acid and alcohol, 
minus the same number of equivalents of water : — 


Alcohol. BonziMc Acid. 


C4H, 

II 







II 

II 


Benzoic Kt hor. 


+ 0, II, i ‘ 


The amides, when treated with hydrating agents, as for instance 
when boiled 'with alkalies, slowly become hydrated ; ammonia, 
and the acid from which they were formed, being reproduced : and 
in like manner the compound ethers, when treated with a solution 
of })Otash, are resolved into alcohol, and the a(;id whence they 
w ere formed. Indeed, this change of the compound ethers into 
alcohol and the hydrated acid often takes place by mere prolonged 
contact wdth w^ater, and this decomposition is greatly accelerated 
by the presence of a small quantity of free acid, particularly if the 
temperature be raised to the boiling point. 
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the dibasic acids form with amidogen amidic acids, 
whicli rjiu)' be regarded as acids in which one half of the acid has 
ex})cricuccd a reduction to tlic form of amide by the action of i 
eciuivalent of animouia ; and the viiiic acids, in like manner, may 
be viewed as dibasic acids in which one half the acid has been 
eonv(?r1[\;d into a (;oni|joiind ether by the action of i equivalent 
of one of the alc^oliols. Oxainic amj, oxalcthylic (oxalovinic) acids, 
for instjinco, may be reiircsentcd respectively as compounds of oxalic 
acid with oxamide and witli oxalic ether : — 

^ Oxjinii(l<*. Oxfilio Acid. Oxattiic Acid. 

riil.I'JCA) + aTloT^O* = r(HO, CA). 

Oxalic Ether. Oxalic Acid. Oxalcthylic Acid. 

27\JL.()7qO« + 2 

(98H) Chemical Properiles of the Ethers. — The simple ethers, 
and the compound ctliers of the monobasic acids, may generally be 
volatilized without undergoing decomposition; but thep" boiling point 
rises as the number of equivahnits of tin* hydrocarbon (C2H2) which 
they contain increases. A similar obseiHatiou applies to the boiling 
point of compound ( 4 lu‘rs of different dil(‘ohols derived from the 
same acid, as well as to ethers derived from the same alcohol but 
containing dillcrent but homologous acids. Hie ethers are gene- 
rally sparingly soluble in water, but they arc readily dissolved by 
alcohol and by ordinary ether. None of the simple ethers have 
as yet been detected ready formed in t]H‘ vegetable kingdom, hut 
the compound (‘thers ajipear to lu^ not unfre([uently present in 
fruits and some otlu'r jiarts oi' plants, which occasionally owe their 
fragrance to these bodies. The oil of winter green is a salicylate 
of methyl (l,[l;,0, Cnllr,Or„ and, as (hdiours has shown, it may 
be artilicially prodiu*(‘d by the combination of oxide of methyl 
with salit ylie acid. Many of the artificial essences sold by the 
^pei iumers and confectioners consist of these ethers dissolved in 
al(‘ohol ; for it is a remarkable circumstance, that the pure ethers 
often have a n'l'ujlsivc odour, which is very difierent to that which 
they ])osscss when largely diluted with alcohol. The so-called 
pear oil, or essence of Jargonelle pear, is an alcoliolic solution of 
acetate of amyl CjoHnO, C|ll3()3. Apple oil is a similar prepara- 
tion of valerianate of amyl Pine-apple oil is 

simply butyric ether diluted with alcohol (Hof- 

manii, Ann. de Chhme, III. xxxiv. 323). Essence of melons is the 
ethyl compound of one of the acids of cocoa-nut oil. Essence of 
quinces is dilute pedargonic ether C JI-O, CigHiyOg ; and the 
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peculiar odour of wine is found to be due to an etlier, termed by 
Liebig and Pelouze, who discovered it, mnanthic ether, (from oiroc* 
wine,) C4H5O, (?), but which, according to DeHfs, is 

simply pelargonic ether. This ether is stated to be the basis of 
Hungarian wine oil, which has been sold for flavouring brandy, at 
the rate of sixty-nine dollars per pound. — (Johnston.) 

{a) Ordinary Ether— Theory of Etherification. 

(989) Ether; EthyVic or Vlnie Ether, also* improperly called 
Sulphuric E the f (yjyll^O). Sp.gr. of lUpud at 3:;^° 0*7365 ; 

of vapour 2*586. 

Preparation. — Formerly ether was prepared by mixing 2 
measures of alcohol and i measure of sulphuric acid, and distilling^ 
until it began to blacken ; then a quantity of alcohol, to 

half that originally used, was added to the residue in the retort, 
and the distillation was again proceeded with until the ctlicr 
ceased to coijie over. Tlie method at present in general use for 
the preparation of cflier is that known as the cqjitinuous proccss^^ 
of Boullay. It consists •in mixing together equal measures of 
alcohol (sp, gr. 0*830), aiid of concentrated sulphuric acid; the 
mixture is submitted to distillation in a capacious retort, whicdi 
must be connected with ail eflicient condenses. Through the 
tubulure of the retort a tube is introduced, which is in communi- 
cation with a reservoir of alcohol, designed to maintain a supply 
of spirit suflicient to keep the amount of licpiid at a uniform level 
in the retort during the course of the subsequent distillation. 
The temperature is then rapidly raised so as to maintain the mix- 
ture in steady ebullition. The liquid which passes over consists 
almost entirely of ether and water, mixed with a small portion of 
alcohol, which has distilled over unchanged. 

This process may go on without interruption until a quantity 
of alcohol, about thirty times as great as that originally taken, hrS 
become converted into ether. Isethionic acid is gradually formed 
in the residue. 

Mitscherlich distilled a mixture of 1 part of absolute alcohol 
with 2 parts of sulphuric acid, consisting of 5 parts of oil of vitriol 
diluted with i part of water (HO, SO3, HO, sp. gr. 1*780 nearly), 
the original volume of liquid in the retort being maintained by a 
gradual supply of absolute alcohol ; he found that for every 
ICO parts of alcohol consumed, about 65 of ether, 17 of water, 
and 18 of undecomposed alcohol were obtained: the quantity 
of alcohol which distils depending upon the rapidity with which 
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the operation h rr.jithu ted ; the more quickly it is performed 
the larger bcinjj^ the quantity of alcohol. When absolute alcohol 
is n«(*(l, for every 65 parts of ether obtained, 15*4 of water 
should Ik; produced, the slight excess observed depending upon 
the pres(;nee of traces of water in the alcohol. With a more dilute 
alcjofiol'^clie proi)ortion of water wdiich passes over is greater, the 
excess (;orres])ondiiig with the ahn^unt present in the alcohol. 
The temperature; most favourable to the formation of ether is 
from 284" to 290'! At a tcm)>crature of 320° the disengagement 
of suIj)hurous a(;id mixed with oletiant gas and oil of wine 
(;omrnenees. If a sulphuric acid much more dilute than one of 
sp. gr. 1*632 (HO, SO3, 2 IIO) be employed, the excess of water 
gradually distils over with the alcohol, which undergoes little 
chang<^4 until the liquid has become sufficiently concentrated to 
allow the boiling point to rise to 284*^, after wdiich ether is 
formed as usual. Alcohol may also he converted into ether by 
heating it with phosphoric, arsenic, and perchloric acids, as well as 
by means of hichjoride of tin, chloride of zinC, fluoride of boron, 
and by several other ])roees8es which v.ill be further considered 
when the theory of eth(;rificatiou is passejd under review (990). 

In order to purify the crude; ether, it should be agitated with 
an e(]ual bulk of wat(;r, containing i\Hh of its weight of (*arl)onatc 
of j)otash in solution ; the water combines with th(‘ alcohol, and the 
potasli unites Avith any sul])hurous acid that may have distilled over ; 
the rujuid s(q)arates into two layers, the up}>erof which consists of 
('I her holding a little water in solution. The ether may be freed 
from water by allowing it to stand for a day or two upon quick- 
lime, or upon (diloride of calcium : it is then to be rectified by the 
heat of a water-bath, and condensed in vessels kept cool with ice- 
cold water, 

Properiivs. — Pure ether is an extremely limpid, colourless, 
fianspari'ut, vohitile lupiid, of high refracting power; it possesses 
a i)owerful, ])euiU rating, and peculiar odour, and a taste at first 
fiery, but afterw ards cooling : if taken iuteriially it produces 
stimulating and intoxicating effects. Its vapour, when inhaled, 
at first occasions exhilaration, speedily followed by complete insen- 
sibility to pain ; ow ing to this property it w as at one time exten- 
sively administered during surgical operations, to diminish the 
sufferings of the patient ; but its employment for this purpose has 
been s\ii)crsedc(l by the use of chloroform, the effects of which are 
more spet'dy and cei’tain, and are attended with less excitement to 
the system. Ether has a sp. gr. of 0*724 at 55°. It boils at 94*^8 F., 
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and freezes at about — 24®. From its great volatility, and the con- 
sequent depression of temperature furnished by its ra])id evapora- 
tion, it is frequently employed for produeing cold artificially. Ether 
is dissolved freely by alcohol, but sparingly by water. Wlieii 
agitated with an equal bulk of water, it dissolves abgut 1th of its 
volume of water, while the water takes -J.th of its bulk o^ ether. 
Ether is employed to some extent as a solvent for fatty bodies, and 
is used in the proximate analysis of organic matters for separating 
the fats or oils which they contain from other* substances vvliich 
are not soluble in this nienstruum. Iodine, sul[)hur, and plios- 
phoriis, are dissolved by ether. Ammoniacal gas, and deutoxiefe of 
nitrogen, are also freely absor))cd by it : certain metallic salts are 
likewise dissolved by it j among these arc bichloride of platinum, 
and sesquichloride of iron ; w ith bichloride of tin it forms a^^datih^ 
crystalline compound ((y^lIgO, C4I l^O,) SnCla- ‘ Chloride of mercury 
and tcrehloride of gold are also freely soluble in ether; these two 
compounds may be s(*])arated from their solutions in w'ater by 
agitation with ether,* and they rise with it to the surface when left 
at rest. • 

Ether is extremely inflammable, and as it is also very volatile 
and furnishes a vapour of considtTablc density, great care must be 
taken not to pour it out in the vi(*inity of a flame ; many sej’ious 
accidents having arisen from a neglect of this })rccaution. In 
certain proportions its vapour forms an explosive mixture with 
air or oxygen. When burned wdth a suflicient suj)ply of oxygen 
it produces only water and carbonic acid. Its flame is more lumi- 
nous than that of alcohol, and it deposits charcoal on cold bodies 
w'hich are introduced into it. When ))assed through ignited tubes 
it is dccom])osed ; charcoal is deposited, and aldehyd is found 
among the prodin^ts. If burned at a lower heat with insufticient 
access of air, it yiglds a mixture of aldehyd with acetic acid and 
acetal ; but aldehyd is the j:j^'edominating ingredient : this formatio# 
of aldehyd is easily explained, since the substitution of two equiva- 
lents of oxygen for two of hydrogen in the formula for ether, 
furnishes the elements of two equivalents of aldehyd, the hydrogen 
combining with two more equivalents of oxygen, and being elimi- 
nated in the form of water : — 

Aldehyd. 

(C4HA CJI^O) + 40 = + a HO. 

If etlier be kept in vessels partially filled with air, it gradually 
absorbs oxygen, and acetic acid is formed. When treated with 
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concentrated ^ulplmric acid^ ordinary ether becomes converted into 
«ul|j}i( tliviic acid; and if tiiis liquid be boiled, sweet oil of wine 
mingled with sulplmrous^ acid passes over, tlie mixture blackens con- 
siderably, arid etliionic and iscthionic acids are formed in the retort. 

Nitric acid acts }j(nv(‘rluJJy upon ctlicr with the aid of heat, 
formiir; caihonic^, acetic, and oxalic acids. 

If (‘thcr l)(‘ satiirat(‘d with "liydroehloric acid and distilled, 
Ijydi’ocljlorie eth(‘r is tlic j)roduct. Chlorine converts it into 
various substitution (5oni})Ounds, and produces aldehyd, chloral, 
and Iiydrochloric ether, whilst hydrochloric acid is evolved in 
abundance. 

Potassium and sodium decompose ether slowly, and liberate 
hydrogen gas. 

c. 

(990) Theory of El her tfi cal ion , — In the process of preparing 
ether from alcohol l)y the agency of sulphuric acid, it will be 
observ(Hl that a small (juantity of this acid converts an indefinite 
quantity of ahtohol into ether and water. Tlie explanations wdiich 
hav(^ bec'u oflcre<l to account for the formation of ether by the 
action of sul[)hiiric acid are very nhnuTOus. Most chemists, 
however, now admit with Iji(i)ig, that the essential change 
may bo divided intf) two stagers, the first of wiiieh consists in 
the formation of sul[)hethylic acid, and the second in the dficom- 
])ositi()u of this acid into sul])huric acid, water, and ether. 
\Vh(’n frcsli alcoliol is addcMl to the mixture, a new' quantity of 
sulplu'thylic acid is formed with the sulphuric acid liberated 
during the previous distillation; this sulphethylic aci/l in its 
turn und(a-gocs d('com})osition into ether, water, and sulphuric 
acid, and thus the same portion of sulphuric a(;id continues the 
etherification for an indefinite period. TJic following ingenious 
c\p(‘rim('nt by Williamson goes far towards proving the occur- 
^;»‘en(!e of this successive formation and decomposition of sulph- 
etliyli(‘ acid during the process of etherification. A mixture of 
sulphuric acid and amylic alcohol was prepared, so as to obtain 
sulphamylic acid (110, Ciolln^^> 2 SO3) (one of the homologues of 
sulphethylic a(*id) ; this mixture was placed in a retort and then 
submitted to distillation, supplying it w ith ordinary alcohol, as in 
the continuous process of making ether already described. The 
distillation was continued until the licjuid wdiich passed over con- 
tained only ordinaiy ether, without any compound of fousel oil. 
On examining the residue in the retort it was found to contain 
siilpliethylie acid only, the sulphamylic acid liaving entirely disap- 
peared, a double ether (amylethylic ether, C^IIgO, CioHjiO) being 
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found in the first portions of the distilled liquid, 
stages of this action may be traced as follows : — 

Sulphamylic Aoitl. Ist oq. Alcohol. Svilphurio Acid. 


Sulphamylic Acid. 

I o,. s,o» 


(l) C,(,llll ) Q g 
Sulphuric Acid 


2nd eq. Alcohol. 


Svdphuric Acid. 

n i O,, S,0, 


The successive 


Aiuylcthylic Ether. 


n I S.C 

Sulphovinic Acid. 


C. H,. ) 

AVater, 


(.)' H 

1 0.,, S.O, 



> 

} 0 „ 8 , 0 , 

+ 


Sulphovinic Acid. 

3rd cq. yVlc 

ohol. Sulphi 

Liric Acid. 


Ether. 

(3) C, II, 
H 

} o„ s,o, 


0 , - 21 ; 

j o„ s,o,r 

4- 

0 , H, 1 o' 
0 , II, \ 


NoWj since tivo su(?cossivc stages have been proved to odicur 
during the formation of tliLs double ether, and since they have 
been also traced with other double ethers, it appears highly pro- 
bable that similar st(‘p:s may attend the formation of common ' 
ether by the continuous process, in Avhieh it may lie supposed tliat 
the first reaction takes place between one double ccpiivahnit of 
sulphuric acid* and an equivalent of alcohol ; one of the molecules 
of basic hydrogen iii*the acid exchanging ])laccs with the ethyl of 
the ether, thus forming ong (xiuivalent of sulphctlTylic acid and one 
of water, as follows : — 

Sulphuric Acid. Alcohol. Sulphclliylic Acid. Water. 

+ sip., 

in the second stage of the reaction, the newly-formed sidj)hethylic 
acid, and a new ('quivalont of alcohol undergo double decomposition, 
the basic hydrogen of the alcohol Ixnng substituted for the cquiva- 
h'lit of ethyl contained in the suljihethylie acid ; an (‘(piivalent 
ether being produced, Avhilst the double etpiivaleut of sulphuric 
acid is again set at liberty to ])erform a similar round with fresh 
portions of alcohol : — 

Sulphothylij- Acid, 2nd cq, Alcohc;. Ether. Sulphuric Acid. 


Sulphothylij- Acid. 


n p'2 - 


^ c,ll. 


+ S|o,,SA 


The priiu;ipal difficulty in admitting this view arises from the 
paradoxical circumstance, tliat the suljihctliy lie acid should be pro- 
duced and decomposed under precisely similar circiirastanecs of 
temperature. Mitscherlich, Berzelius, and (irahain, thci'cforc 
simply consider that sulphuric acid has the power of producing a 
de(‘oraposition of alcohol into ether and Avatcr, by some unexplained 

* If sulphuric acid be dibasic as Gerhardt assuuies, and as the progress 
of research appears to prove, its formula will require to be doubled, so that it 

may be written ^ | Og, ; or 2 HO, 



IGO TUKORY OF ETHEBTFirATIOK. 

action, to wLicb the icmis contact ‘action and catalytic force Lave 
been a|)}>Iietl. (859 et seq) Mitsclierlich even considers the 
formation of suJpliethylici acid as an accidental circumstance not 
connected with tlic formation of ether. The following is one of 
his cjtpcvimcnts : — A mixture of sulphuric acid and water was pre- 
])ared/)f such a strciigtli that it boiled at 290° (sp. gr. 1*52), and 
tlie vapour of alcohol heated to 212° was transmitted into it 
whilst the ac*i(l was kept at the boiling point. After the alcohol 
vapours had la^^n transmitted for a short interval, ether and 
wat('r h('gaTi to collect in the receiver, and continued to do so as 
long a.s the current of vapour was kept up, four- fifths of the 
al(K)hol undergoing decomposition, about one-fifth only passing 
over uncliangc'd, and this portion probably escaped simply because, 
from the rapidity of the current of vapour, it did not come com- 
])letcTy into contact with the acid. Now, it is obvious, from the 
evolution of latent heat whi(‘b accompanies the condensation of 
va])Our, that the points in which the alcohol vapour were condensed 
by the acid must have been considcTably above 290®; but as sulph- 
ethyli(^ acid is deeoinjiosed below this tcmjierature, Mitsclierlich 
.argues that it is impossible, that uinha these circumstances any of 
this acud could have been formed, and subseijuently decomposed. 
Tf the dilution of the acid were k'ss considerable (sp. gr. 1*6]), 
and only suflieieiit to reduce the boiling point to 32 5" or 330°,, 
the ahjohol vajxnir when transmitted througb the boiling liquid 
was conv('rted into olefiant gas and water (399) ; (C^IIgO, 110) 
becoming ( ^114 + 2 HO; scarcely any ether being evolved during 
the reaction, and no deposit of carbon occurring. 

Orahiim has also made some experiments which throw con- 
siderable doubt u])on the necessity of the successive forma- 
tion and (Iceom position of sul])hethylic acid in the preparation 
of i‘ther [Quart, Journ. Chem, Soc, iii. 24). In these experi- 
^.^mmts, mixtures of alcohol and sulphuric acid, in different pro- 
portions, w(*rc enclosed in scaled tubes, and subjected for an 
liour to a temperature r.aiiging from 284° to 352°. It w^as found 
that when 1 volume of oil of vitriol was added slowdy to 4 volumes 
of alcohol (sp. gr. 0.841), then sealed up and heated, the liquid 
separated into two layers; tlie upper one occupied one-third of 
the bulk of the whole liquid, and was nearly pure ether ; the lower 
contained a mixture of water, alcohol, and sulphuric acid, but 
scarcely any ^sulphcthylic acid; the iow^er stratum of the liquid 
had a slight yellow tinge, but the upper layer w^as colourless. 
When 8 measures of alcohol were mixed with i of acid, the 
proportion of ether which floated was still equal to one-third of 
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the bulk of the entire liquid. On the other hand, when the forma- 
tion of sulphethylic acid was favoured by reducing the proportion 
of alcohol, the production of ether l>ec;ime insignificant. Thus, 
when the quantity of alcohol only amounted to twice the bulk of the 
acid, the liquid assumed an earthy brown colour after bleating, and 
only a film of ether separated on standing ; and when ^cqual 
volumes of acid and alcohol w^re used, a black, opfique, gummy 
liquid was formed without any perceptible stratum of ether. 

When glacial phosphoric acid, and when bijfliosphate of soda 
were substituted for sulpliuric acid, no etlier was formed cv/ui 
though the mixture was heated to 360°. Cldoridc of ziue, under 
similar circum stances, produced only traces of ether. Hut when 
crystallized l)isul})hate of soda containing a slight excess of acid 
was employed, it was found to etherize twice its bulk of 
as cff(;ctually as free sulphuric acid. 

A still more striking cx])crimeut was made by taking a portion 
of the ordinary ether mixture',, viz., 100 ]>arts of oil of vitriol, 48 of 
alcohol (sp. gr. 0*841*), and 18*5 of water, placing it in a scaled 
tube, and heating for an bout to 290°. Sulphethylic acid was pro- 
duced, but no ether was farmed. It was then divided into two 
portions, to one of wliicli half its bulk of alcohol was added, to the 
other, half its bulk of water ; !he tw o were sc^ahid up in separate 
tubes and again heated. . No ctlu^r was formed in the tube to which 
water was added, while in th(^ other, the formation of ether was 
considerable. The suljdiethylic acid was incapable of yielding 
etlier even when treated with water ; hut it could etherize alcohol 
added to it, just as bisulphate of soda had done. 

Various salts are cajiahle of ethcrifyiiig alcohol, if heated 
strongly with it under pressure. M. Ri^ynoso states, that the several 
crystallized neutral sulpliates, isoraorphous with sulphate of mag- 
nesia, when scaled up with alcohol in tubes and heated to 464^^, effect 
a partial etherification of •Hie alcohol : whilst the sulphates them-* 
selves, with the\'xecptioii of those of nickel and copper, experience 
no change beyond the loss of their water of crystallization. Both 
iodide and bromide of ca:flKium, and the chlorides of cobalt, cad- 
mium, manganese, and copper, under similar circumstances effect 
the etherification of alcohol, but undergo no change themselves. 
With protoehlorides of tin and of copper, the production of ether 
is sufficient to furnish a considerable stratum of etlier, but a 
certain amount of permanent gas is also formed. " Chloride of 
mercury blackens the alcohol, ether is formed, and much gas is 
liberated. Chlorides of zinc and ammonium effect a similar change ; 

PART 111. M 
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the ehloridcH of aluminum, antimony, and perchloridc of iron, 
yield a mixture of ctlier and hydrochloric ether. 

It is obvious tliut these bodies act in some manner as yet 
unexplained, u}K)n the alcohol, in consequence of which the latter 
Ixjcorncs mo^'c^ or less completely resolved into ether and water. 
This tflbct cannot be produced bv the mei’c action of heat alone; 
and it must be admitted, that tliq. theory of etherification is still 
incom])lctc notwithstanding the numerous researches of which it 
has been the subject. 

'J^he oxygen in ordinary ether maybe displaced by other bodies 
analogous to it, sucli as sulphur, selenium, and tellurium, as well 
as ])y chlorine, bromine, and iodine. The compounds thus formed 
arc sometimes described under the names of hydrosulphuric, 
hydi^^'hloric, hydrobromic, and hydriodic ethers. 

(991) The following table exhibits the composition of a few of 
the principal eomjKuind cthylie ethers. It would be useless to 
attempt to enumerate them all, since every acid forpis at least one 
ether, and somq, such as the silicic and boracie, furnish more than 
one : — 


Kihyl. . 

Oxiilo 

8ulj)liid(‘ 

("liloride . 
Hroiuido . 
lo(ii(l(‘ 
f'vaiiido . 
S\ilplialr 
Snlidute . 

Nitrite . 

PlK>S])lud <• 

Carhonatf 
Borate . 
Bisilieatc 
Silicate , 
Formiato 
Acetate , 
Biityrato 
V^alerate . 
Cyanate . 
Cyanuratc 
Benzoate 
Oxalate . 
Succinate 


( ,t' ,0, 0jTI,O 

■ 

C4H,. 0,N 

2 SJ)„ 

C.H^O, No, 

oji„o. no; 

3 t’^HjO, ro, 

2 o^n.o, c.,o, 

3 C,H,0, no, 

i 2 (2 C'.,] 1 , 0 , SiO,) 
j C^HsO, Si0.r 
I t',H, 0 , C„HO, 

j c.,n,o. c:h,o, 
! C,H,0. ( 5 ;h ,0 

C^IIA tAO 
3 <\N303 

20411,0,0,0/ 

2 O4H5O, CyH^O* 


257 

246 

m 

1277 

1649 

238-8 

272-3 

T40 

529 

408-2 

3<'32 

4190 


I Boiling Point 

1 

Specific Gravity. j 

Li<][iud. 

Vapour. 

94''8 

0-7365* 

2*586 

163-4 

0-S25 

3*1 

304-0 

ro 

4-27 

5i’9 

o-y2i* 

2*219 

105-8 

I '4733* 

3*754 

J5«r> 

179-6 

I '9735* 

5*475 

0- 787 

1- I20 


320 

1*1063* 

00 

185 

1*112 

62 

0-947 

2*627 


o'^ 9 * 

0933 

I 079 

o' 93 S 7 * 

o'9o69**‘‘ 

0-9041* 

0*894 

0*8981 

1*053 

rcj^9 


■■■' ■■ ■■■■ ■ < 

* riic numbers indicating the specific gravity, to 
affixed, were taken at 32° P. 


4-09 

5 ' 3 i 

732 

2Sp 

3067 

404 

4‘558 

2 - 47 S 

7‘4 

S ’407 

5087 

0-00 


which an asterisk is 
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{b) Hydracid Ethylic Ethers. 

(992) Hydrochloric Ether ; Chloride of Ethyl (C JI-Cl), Bp. gr. 
of vapour 2*219^ of liquid 2X 32°, 0*921. — This compound is obtained 
easily by distilling a mixture of 3 parts of oil of Yitriol, 2 of 
alcohol, and four of fused chloride of sodium ^ the retort is^coii- 
nected with a tubulated receive^; surrounded by water of a tem- 
perature of about 70°, where most of tlie alcohol and water which 
pass over during the operation are condensed, tv^hilc the ether 
escapes in the form of vapour through a bent tube inserted intjo 
the tubulure of tlie receiver, and passing to the bottom of a flask 
kept cool with ice. Tlie lupiid which is thus condensed must be 
rectified from chloride of calcium. It then presents itself as a 
colourless liquid, of a jicrictrating, ethereal, and somewhat «iUia- 
ceous odour. It boils at 5i°*9 ; is slightly soluble in water, . nd 
burns with a brilliant flame edged with green, emitting fumes of 
hydrochloric aqd. If ]>tissed through red-hot tubes, it is dcicom- 
posed into equal meas*urcs of hydrochloric acid ai^d olefiant gas ; 
(^4114 + HCl. It is sparing^^ soluble in water, but is freely dis- 
solved by alcohol. These solutions give no precipitate with nitrate 
of silver. If an alcoholic solution of jiotash be enclosed in a 
scaled tube with hydrochloric ether and heated to 2 1 2"", chloride’ 
of potassium and ordiiiarj^ ether are formed ; C.JI5CI -f KO = 
CJlrf) + KCl : but if tlie vapour of the ether be passed over 
heated hydrate of potash, water and pure olefiant gas ar(i evolved ; 

cji,ci V KO, no = C4I1., -f- 2 no -h koi. 

(993) llydrohronnc Ether : Bromide of Ethyl (C,.n,r,Hr), Bp.gr. 

of liquid 1*4733 at 32°, 3-734. — This compound is usually 

prepared by adding by degrees 7 or 8 parts of bromine to 40 parts of 
alcohol (sp. gr. 0*827) ^ of phosphorus, contained in a 

retort: the reaction of bromine and phosphorus upon each other 
in the presence of the Avater contained in tlie alcohol produces ^ 
hydrobromic aend and phosphorous acid ; and on subjecting 
the mixture to distillation, hydrobromic ether comes over. It 
may be purified by agitation with a weak solution of potash, 
after wdiich it is left to subside ; it is then decanted and redis^ 
tilled. 

Bromide of ethyl is a colourless liquid of a peculiar ethereal 
odour and taste. It boils at 105°* 8, though it requires to be 
heated to 120® before ebullition commences. It reradins liquid at 
— 24°. It burfts with difficulty, producing a green flame and 
emitting fumes of hydrobromic acid. 

M 2 
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(994) ihjdriodic Ether : Iodide of Ethyl (C4H5T), Sp. gr,vf liquid 
at 32 ', i*9755» of vapour .5*475* — order to prepare this ether, 
100 partH of ahroliol are placed in a retort, and a small amount of 
iodine is introduced ; phosphorus is added in small quantities at a 
time until the li{iuid becomes colourless ; a fresh portion of iodine 
is tliKn added, and jtlien a fresh quantity of phosphorus ; this may 
be continued until about 60 parts of iodine and 20 parts of 
phosphorus have been added. The mixture thus obtained is then 
cautiously distilled, taking care that the iodine (as shown by its 
brown colour) is in slight excess. The iodide of phosphorus, which 
is formed during this operation, is decomposed into phosphorous 
and by dried ic acids, and tlie latter, reacting upon the alcohol, 
liberates hydriodic ether and water — 

CJIA HO + III = CJIJ 4- 2 HO. 

Iodide of ethyl is a colourless li([uid, which, if kept in half- 
closed bottles, soon undergoes a partial decomposition, and becomes 
brown from the liberation of iodine. It boils at 158°‘5. When 
heated with watcu* to 300®, in a sealed tube, it becomes decom- 
posed into ordinary ether and hydriodic acid (Frankland) ; 
according to Hofmann, if boiled with water and oxide of silver, 
alcohol and iodide of silver are prdduced; — 

C,H,I + Ago 4- IK) = C,HA 110 + Agl; 

and W'urtz linds that when the anhydrous iodide is heated in a 
s('aled tube w ith oxide of silver, iodide of silver and ordinary ether 
are fonnecl with facility. 

lloth the bromidi^ and the iodide of ethyl have been exten- 
sively employed for the ])reparation of substitution compounds 
containing ethyl ; and it Avas by decomposing iodide of ethyl in 
a si'ah’d tube by means of zinc that Frankland succeeded in 
j isolating the hydrocarbon, which he jregards as ethyl. 

(995) ^llphides of Ethyl. — Alcohol furnishes not less than 
three remarkable compounds which contain sulphur. One of these 
(C4H5S, C4H.S) corresponds in composition to the oxide, or ordi- 
nary ether ; the second is the Imalphuie of ethyl (C4II5S2, C4H5S2) — 
no oxidized representative of this ])f>dy is known; and the third is 
mercaptan (C4II5S, HS), a compound which corresponds with 
alcohol in wdiich the oxygen is displaced by sulphur. All these 
bodies are divstinguished b}?^ a disgusting alliaceous odour which is 
extremely pow^erful and persistent. 

Ilydromlphuric Ether: Sulphide of Ethyl (C4H5S, C4H5S), 
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Sp. ffr. of liquid of vapour 3*1. — This compound is easily 

prepared by decomposing an alcoholic solution of protosulphide of 
potassium (469), by transmitting into it the vapour of chloride of 
ethyl and submitting it to distillation : the distilled liquid is to be 
well washed with water and rectified from chloride of Qaleium. It 
is a colourless liquid of an intensely powerful odour of garJior It 
boils at i 63°*4, and forms crj^t&llinc compounds with some of 
the metallic chlorides; its com])ound with corrosive sublimate 
contains (CJI-S^ HgCl). 

Bisulphidii of ethyl (CJI-S2, boils at 303°*8j emitting 

a vapour of sp. gr. 4*27. It is obtained by distilling 3 parts of 
sill phethyl ate of potash dissolved in its own wciglit of water with 
2 parts of pentasulpliide of jiotassium. The alcoholic solution 
of this compound gives a yellow precipitate with acetate of lead, 
and a white with corrosive sublimate. There appears ground for 
supposing that higher sulphides of ethyl may be obtained. 

Mercaptan (jr. of liiinid 0*835, of vapour 2*14. 
— This compound may*bi^ obtaiiuMl by distilling a mixture of equal 
liarts of an aqueous solutioi# of sul])hethylate of lime, of sp. gr. 
1*28, and of a solution of pptash of the same density, previously 
saturated by sulphuretted hydrogen : — 

Sulpliethylate of Potiinh. UyJroHulph, Pofass, MorcaptHii. Siilph. Votash. 

+ ks^ITs = cjir.s, iTs -f r^Ko, sa^). 

A better plan, according to Regnanlt, is to saturate an alcoholic 
solution of potash completely with sul])hur()tt(‘d hydrogen, and 
then to distil it with hydroclilorie ether. Merca})tan is a (adour- 
Jess, transparent, very mobile licpiid, with a most intense and 
repulsive odour of garlic ; it boils at 97^, is V(iry inflammable, and 
burns Avith a blue flanu;. It is s[)aringly soluble in water, but is 
dissolved fi’eely by alcohol and eiiu r. The solution is neutral to 
test papers, but nuTcaptan nevertheless presents the characters of ^ 
a feeble a<?id. It dissolves sidphur, phosphorus, and iodiiu', with 
facility. INTcrcaptan becomes solid at — 8°. If a glass rod be moist- 
ened with this compound and moved quickly through the air, the 
cold produced by the cv^aporation is sufficient to freeze a portion 
of the remainder. Mercaptan forms with the metals compounds 
which correspond to the hydros id phates, but they contain ethyl 
instead of hydrogen, as may be seen by comparing their respective 
formulae; thus — 

Met captidft of Potassium. Hydrosuljjhatp of Potassium. 

KS, (CjH^ ; KS, (II) S. 



ICO 


KKLl'JNJDE, TELLXTHIOK, CTANIDK OF ETHVL. 


M(n*oapti({c oi potavssium is obtained by acting on pure mercap- 
tan with potassium, liyclrogen gas being liberated: but it is more 
])articularly on the oxides of the noble metals that the action of 
mcreaptfiu is remarkable. The mcrcaptide of mercury (HgS, C4II5S) 
is a white /crystalline compound destitute of odour, and fusible at 
It is insoluble in water, but soluble in alcohol : it is easily 
obtaiiH’d by digesting oxide of mjrcury in an alcoholic solution of 
nuTcaptaii, water being formed, whilst the odour of mercaptan 
disap])ears : — 

US, CJI.S -f IlgO = HgS, C4H5S + HO. 

''fhe corresponding compound of gold is wdiite and gelatinous ; 
that of ])hitinum is bright yellowy and that of lead (PbS, C4II5S) 
is yellow and crystalline. 

•^996) Selenium and tellurium each form compounds with ethyl, 
corn'sponding to the sulphide of ethyl ; they may be obtained 
by distilling schaiidc or tclluride of potassium with sulphethylatc 
of potash. It is, however, to be remarked that ])oth the selc- 
nidc and the hdluride of ethyl eoinbinc with chlorine, bromine, 
and iodime ; and th(‘y become oxi(Uz(?d, and form salts with the 
oxyacids just as though tlu'y wc'rcc*^ metallic bodies. In fact, 
they presen ( many eliemical analogies witli the compounds which 
arscuiie, antimony, bismuth, tuid. other metals form with ethyl 
(' 0 . 33 )- 

A eomj)Ound of selcnide of ethyl and seleniurettcd hydrogen 
(Sid I, (^.jll-Se), corresponding in eompositioii and properties to 
mercaptan, is formed during the ojieratioii of preparing the sclenide 
ol* (ithyl. 

(997) Cyanide of Ethyl: Hydrocyanic Ether: Propioni trite 
(O^Hr.Cy = Cj-lIr^N), yr. of liquid — This compound is 

obtained in a manner analogous to the foregoing, by the distilla- 
tion of snlphcibylate of potash with cyanide of potassium. It is a 
colourless, vi'ry poisonous li{]uid, of alliaceous odour. It boils 
at i 79'’'6. and emits an iullammable vapour. When cyanide of 
ctli} 1 is tri'utcd w ith a boiling solution of potash, the elements of 
w ater arc assirnilaU'd, ammonia is evolved, and propionate of potash 
is formed ; — 

Cyan itU' of Kl hyl. Tropionat o of Pot ash. 

c 7 h 5 , C,N KO, ho 2 HO = KO, 0^1503 -f H3N. 

A similar mode of decomposition is observed to occur with all 
the hydrocyanic ethers when treated with hydrate of potash : 
they all combine with the elements of water and yield one of the 
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acids homologous with formic acid ; cyanide of methyl thus yields 
acetate of potash : — 

Cyanide of Methyl. Acetate of Potash. 

cytu. C^N + KO, HO f 3 HO = (KO, CJIgO^) + H 3 N ; 
and cyanide of amyl in like manner furnishes caproate of potash ; 


Cyanide of Amyl. ^ Capronte of Potasli. 

C^N + KO, no no = KO, + II3N. 

The hydrocyanic ethers (the nitriles of some chemists), as a 
class, may also be obtained by a process of dehydration, from tlie 
acids to which they correspond; that is to say, if the ainmoniacal 
salts of the acids homologous with the formic, be distilled wdth 
anhydrous phosphoric acid, or be otherwise tn^ated in sui‘h a manner 
as to ‘deprive them gt* 4 etpiivalents of water, they yield onejj^f the* 
hydrocyanic ethers, thus : — 


FortuiaU* of Anunonia. Ilydnx^yanic Acid. 

f ^ > / \ 

II4NO, -- 4 no = H, C^N = (OoTI N, Formio -nitrile.) 

Aeotaloof Amnionia. • Cyanide of Mel h}'!. 

IJ^NO,"(\il/)3 - 4nO^ tUn.„C5N = (OJI,N, Acetonitrilo.) 

Propi(,)iiate of Anunonia. ^ Cyauitle of Kthyl. 


H,NO. CeflA - 4110 = C.R,. C.N = ((.yT,N, IVopionitrilo.) 


and in this manner the hydrocyanic ethers of several series of 
alcohols have been obtained, although the corresponding alcohols m 
are at present unknown (1046, 1055). 

The action of potassium upon. hydrocyanic (^thcr is rcmarkal)lc. 
If the ether be allowed to fall drop by drop u})on potassium con- 
tained in a flask fitted to a vertical condenser, by means of which 
any part of the etlun* which escapes decomposition is allowed to fall 
back upon the potassium, hydride of ethyl 1,-11) is formed, 
whilst cyanide of p(Hassiuiri is produced, and an alkaline base 
termed cyanethine (Cj^lli^Ng) remains in the retort (Frankland 
and Kolbe). This substance is ])oly meric with hydrocyanic cthc^. 
It crystallizes from boiling water in pearly scales, and forms salts 
Avith the acids. The nitrate IIO, NOr,) crystallizes in 

large colourless prisms which arc neutral in their reactions. The 
other hydrocyanic ethers when treated with potassium appear to 
furnish com])ounds analogous to cyanethine. 


(c) Ethylic Ethers of the Oxyacids, 

(998) Sulphate of Ethyl, or true Sulphuric Ether (2 C4H5O, 
S20«)i 9 ^'- liquid 1*120. — This compound was recently disco- 

vered by WetherilL It is obtained by the direct combination of 
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etlicr with sulplnirir <inhy(lri(io. The vapours of the anhydrous acid 
arc transmitted into a flask containing ether, which is kept cool by 
ice ; tlic syrupy liquid thus produced is agitated with its own 
volume of ether, and with four times its bulk of water ; wlicn left at 
re 4 the vSulphate of ethyl rises to the surface; it is purified by 
agitation with milk of lime, washed, filtered, and dried in vacuo. 
Sulphuric ether is an oily liquid, «of a burning taste afid ethereal 
odour, rcs('mbling that of ])eppermihl. It is scarcely possible to distil 
it witliout oeeasipning its decomposition, as a temperature of 270® 
or 290*^ resolves it into alcohol, sul])hurous acid, and olefiant gas. 

' Swed or heavy oil of wine appears to be a mixture of the fore- 
going compound with some hydrocarbons polymeric with olefiant 
gas ; it is obtained during the later stages of the distillation of 
(‘ther. If this oil be treated with a solution of' potash; it is 
decdfPqiosed ; sulphcthylate of potash, and alfiydrocarbon, termed 
etherole (Cy^lhijO to the surface. This compound, known 

also as Uyhl oil of wine, is polymeric with olefiant gas, and forms 
a colourless licpiid which has a sj). gr. of 0*917; it*boils at 536°, 
and is readily Tiolnblc in etlier an(\ absolute alcohol. AYlien 
e\])osed to a tcmjiorature of — 30'", it *usually deposits semitrans- 
parent, friable^, colourless prisms of an isomeric hydrocarbon 
named efherin ; these fuse at 230^1* aiid boil at 500® ; they arc 
liglit(;r than wat(*r, in which they arc insoluble, but are dissolved 
freely by alcohol and f?th(‘r. 

(999) Nitric Ether (CiIT-O, NO-;), .Syy. gr, of liquid i’ii2. — 
Millou obtains this substanc’c by gently luxating a mixture of 1 
volume of nitric a(;id, of sp. gr. i *40 (to w Inch a few grains of nitrate 
of urea have been addc'd to prevent the formation of nitrous acid), 
and 2 volumes of alcohol, of sp. gr. 0*842 ; under these circum- 
stances the o])eration j)ro<tc(Mls quietly. The first portions of the 
distillate contain little except alcohol, but as soon as the liquid 
whiidi distils over becomes turbid on the addition of w^ater, the 
receiver must bo changed and the nitric ether collected separately : 
the distillation must not be carried too far, otherwise it becomes 
mixed with secondary products, w hich arc removed w ith diificulty. 
The ether is purified by agitation with a weak solution of alkali, 
atid rectified from chloride of calcium. Nitric ether is a colour- 
less liquid of an agreeable odour, aiul a taste at first very sweet, 
but followed by a bitterish after taste. The boiling point of this 
ether is 18 5°. Its vapour burns with a white luminous flame, and 
if heated a little beyond its boiling point, it is decomposed with 
explosion. 
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Niirom Ether (C^HflO, Sp. gr, of liquid of vapour 
2*627. — This ether has long been used in solution in aleoliol as a 
tlierapeutic agent, M’hicli forms the Spiritus Elheris Nitrosi of tin' 
liondon Pharmacopceia. The safest method of preparing it con- 
sists in introducing into a retort containing copper filings, 1 mea- 
sure of alcohol (sp. gr. o*(S ]), to wliich i measure of nitric ifeid of 
sp. gr. 1*36 is gradually added^ * The upon 

alcohol begins at a very moderate ‘lu'at, and is apt to become 
extremely violent, therefore no external heat sfiould be applied 
during the distillation, after the reaction has once eonnneiuv'd. 
The vapours which are evolved should be transmitted through a 
washing bottle containing water, tlien through a long Ixmt tube 
filled with chloride of calcium, and finally should be condensed in , 
a flask cooled by iee.^ Nitrous ether is of a pale yellow c« 4 fc)ur, 
and an agreeable odour of apples. It boils at 6 j°* 3 (Liii)ig). 
AVhen this ether is kept in contact with water, it spc'cdily becomes 
acid, and it ij^ rcmark-iMc that the acid which is formed is the 
malic (Bcrzc'lius). \ solution of the protosiilphate of iron 
becomes blackened ^^hen mhed with nitrous ether. 

Nitrous ether is decomposed by transmitting its vapour through 
a red-hot tube, giving rise to a varic'ty of products, among which 
are hydrocyanate and carbonate of ammonia, di'rived from the 
reactions of the nitrogen upon the carbon and hydrogcai. 

(1000) Perchloric Ether {CjIl^O, CIO-). — This singular com- 
pound cannot be prej)are(l w if bout considerable dang(*r, as it 
explodes with extraordinary violence when heated a little bc^yond 
212°, and a similar rcsidt is proiIu(^(*d by friction or by a sudden 
blow. In order to obtain it, a few grains of crystallized sulph- 
ethvlatc of baryta are jjlac(‘d in a tube retort with an (a[ual weight 
of j)crchlorate of baryta, and are cautiously <listillc(l by the heat of 
an oil bath. Thc-eth('r is heavier than water, and has a sweetish 
jiungcnt taste, somewhat resembling that of cinnamon. Its boiling’* 
point is not known with accuracy, but it is above 212'^. The 
explosive character of the compound dejicnds upon the large pro- 
portion of oxygen which it contains in union with chlorine, for 
which the afhuity of oxygen is very small, whilst hydrogen lias a 
powerful affinity for both chlorine and oxygen ; the oxygen is 
sufficient to convert the carbon into the form of carbonic oxide, 
and the hydrogen into water, CJI^O, C107 = 4 CO P4 IlO-f llCl. 

(1001) Silicic Ethers. — Few of the ethers are more remark- 
able than those obtained by Ebelmcn with silicic *acid. In these 
compounds the polybasic character of the acid is preserved. 
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Distifrafv of Ethyl [2(2 CJIgO^SiO^)], Sp. gr. of liquid 0*933, of 
vapour y\i , — Wlieti absolute alcohol is gradually added to chloride 
of silicon, a |)ovv(‘rfiil reaction occurs; hydrochloric acid is evolved 
in abundance, and acolourh^ss liquid is obtained, which when sub- 
mitted to distillation at first evolves hydrochloric acid, but the 
boiling nomt ^ jim iJ Hijilly until it reaches 330,° at which tempera- 
ture ])ureT 8 B 5 S 3 Ml!r/cPistils ovotf. It is a limpid liquid, of a 
phnisaut ethereal odour, and a hot taste resembling that of 
pe])])er. It is combustible, and burns with a flame of dazzling 
wl:it('ness, dc positiiig pulv(u-ulent silica. The composition of this 
body is romarkabh^ 4 volumes of va]>our being produced from the 
e()m])ound, C,,.lL(,Sio()^. This ether is not miscible wdth water, 
but is dee()mj)osed by it with the separation of gelatinous 
hy(ir<ite of silie.a. If this deconqjositiom be allowed to take 
j)hice slowly, by placing an im|)crfectly closed vessel containing 
th(i ('tlu'r in a moist atrnosphen', the silica is gradually deposited 
in the form of a luird trans[)ar('nt solid, resemlding quartz in 
a])pearanee. 

Sifirin Ether ((!, 1 I.,(), Si(X).— A second ether containing only 
half the (juantity of oxide of elliyl that is present in the foregoing, 
may 1 h‘ proeiirc'd by aefiiig upon alcohol of s]). gr. O'eS^H, with 
chlorides of silicon, and distilling; the disilieate is formed at the 
same tinu‘, and th(^ first jKU’tions of the distillate consist entirely 
of this e()nq)ound ; but by degrees the l)oiling point becomes 
liigher, and wluai it reaches 66o^\ the' })ure monosilieate passes 
over. The disilieate of (‘thyl is in fact transformed into the mono- 
basic silicate by the action of the water . present in the ddutc 
alcohol ; water (ua asioning the decomposition of the disilieate into 
the mouosili(!at(’, whilst alcohol is set free — 

\ <tl‘ ICiliO. Mtniosilioafo of Elliyl, Alcohol. 

Iv.^WAK SK), 4 110 = CJI5.O, SiO^ 4 CJI5O, HO^ 

Tf morc^ wati r lie addl'd, a vi^eous compound is obtained, which, 
according to fdielmen, contains a third etlier, with twice as much 
silicic acid as the fori'going one. 

Tcrchloride of boron yii'lds x\ith anhydrous alcohol a iribasic 
horacic ether (3 lUkj), which is immediately decomposed 

by water. It has a sp. gr. of 0*8849; and it boils at 246°. Boracic 
acid is readily soluble in anhydrous alcohol with evolution of heat; 
ICbelmcn considers that under these circumstances a second ether is 
formed, which when pure is solid at ordinary temperatures. It 
softens at about and can be drawn out into long threads. 
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Its composition is not certainly known, but it. has been represented 
as (C4H5O, 2 BO3), analogous to ordinary borax. 

(1002) Formic Ether (C4H5O, C2HO3), Sp. gr, of liquid 0*915 at 
64°, of vapour 2* 573. — This ether is readily obtained by distilling 7 
parts of dry forrniate of soda with 10 of oil of vitl’iol, and 9 of 
alcohol of sp. gr. 0*825. Wohler prepares it from a mixture of to 
parts of starch, with 37 of fiivdy powdered binoxide of maiTganese, 
and 15 parts of alcohol, 15 of water, and 30 of oil of vitriol: the 
whole is distilled by a gentle heat in a eapat^ious retort. IMie 
formic acid generated hy the oxidation of the stareli, reacts upon 
the alcohol at the moment of its formation. J<\)rmic ether does 
not mix wdtli the water which accompanies it ; and is purified by 
washing witli water, and rectiticatiou from chloride of calcium^ 
Formic ether is also a secondary product of the reaction of*#iitric 
acid upon alcohol. Wdicn ])urc it has an agreeable odour and 
taste, recalling that of peach kernels. Tt is coloiirk^ss, and boils 
at 127^*7. J” conta(!t with water it becomes readily resolved into 
formic acid and alcoliol. * 

(1003) Acetic Ether (r'|.n- 0 , ^p^ gr, of liquid 0*89, 

of vapour 3*06. — Acetic •acid, if n^ieatedly distilled with alcohol, 
giv<|s rise to the formation of acetic ether, hut the clfect is much 
hastened by the addition of suiphnric acid to the liquid. A mix- 
ture of 6 i)arts of alcohol, 4 of acetic acid, and 1 part of oil of* 
vitriol, yields the ether with facility. When a volunn^ of licpiid 
cqmd to that of the alcohol employed, lias come over, the process 
is stopped ; the distillate is washed twice with its own hulk of 
water, and rectified from cliloride of calcium. Acetate of soda or 
ac(*tate of lead may he substituted for aci^tic acid in tlu^ foregoing 
process, but then a larger quantity of oil of vitriol Is needed. If 
6 parts of alcohol be emjiloyed, joo of acetate T)f soda and 15 of 
oil of vitriol may bt^ used ; or 24 parts of acetate of lead (dried), 
and 9 of oil of vitriol. • * 

Acetic ether has an agreeable odour, remotely resembling that 
of apjiles, and a burning taste ; a small quantity of it appears to 
be contained in several varieties of w'ine. Water dissolves about 
onc-scventh of its bulk of it. Acetic ether is a good solvent for 
the essential oils, for the resins, and for pyroxylin. It boils at 
16 5^. A mixture of this ether with an alcoholic solution of hydrate 
of potivsh, is immediately decomposed into acetate of potash and 
alcohol. Acetic ether (lis.solves chltu'ide of calcium readily, and 
forms with it a crystallizahlc compound, whicli yields the ether 
unchanged on the ajTplication of heat. 



172 


<KN.VNTIUC ETHTE ETIlEll, 


(1C04) (EmuiUuc mer ( 0 , 11 , 0 , Sjh gr, of liquid 

0*86 (jj vapour 10*477. — Dclffs rcf^ards this body as pclargouic 
other, C4ll,0, and the analyses of Liebig and Pelouzeare 

not inconsistent with this view. This ether is a fragrant liquid 
of a stiqiifying, extreme ly powerful odour, which is the cause of 
the pciTniliar snieJI tlnit characterizes grape wine, and which adheres 
so teiuKuonsly to vessels in which* yine has been kept. When 
large (piantities of wine, or the lees of wine, are distilled, this ether 
];asscs over, rnix(‘(l*^witli free cenanthic acid, in the form of an oily 
hi\ c,r ; the crude product is gently heated with a solution of car- 
bonate of soda, wliich removes the free acid, whilst the ether floats 
as an oily layer u])on the surface. When pure it boils at 446°, 
and emits a very dense and highly inflarnniable vapour. The 
(pian^ity of this ether ap[>ears to increase with the age of 
the wine. (Enanthic (probably pelargonic) acid may be 
obtained by deeomi)()siug the etlun* with potash, and distilling 
the mnaiithatc^ of potash with suljdiuric acid. Iji is a serai- 
solid fat, Avhich,, according to Liebig and Pelouzc, contains one 
(*cpii valent of oxygen less than ocuaiith^ lie acid, but this requires 
confirmation. • 

(lOO')) (haHc Ether (2 C/),.), Sp.gr. of liquid 1*0^29, 

of vapour 5*087. — 1.1ms is one of the most interesting of the 
numerous ethers which arc formed with the organic acids. It is 
obtained by distillijig rapidly a mixture of 4 ])arts of alcohol (sp. 
gr. 0 825), 5 of oil of vitriol, and 4 of binoxalatc of potash. The 
distillate' should be washed witli water, and rectihed from litharge 
to regain any traces of fna* oxalic acid. Oxalic ether is heavier 
tlian water. It is colourless, and has an agreeable ethereal odour 
and taste. It boils at 3^4*^. If pure it may be kept unchanged 
in eouta(!t w ith wjitcr, hut if it retain any acid it is slowly decora- 
po,s('d into oxalic acid and alcohol; an excess of hydrate of potfish 
decomposes it into oxalate of potash a'ld alcohol wdth rapidity ; 
but if the (juantity of potash be small, alcohol and oxalethylatc of 
potash are formed ; the r(m*tiou in the first case being: — 

Oxulii* KtUor. Oxnlttl<* fif Pohifili. Alcohol. 

: C.il^O, CA + 2 (KO, HO) 2 KOrC^o + 2 (C.H^ThO) 

\ 

and in the second case : — 

Oxalic Elher. OxnhMhylute of Potash. Alcohol. 

2 0,11,0, 0,0, + KO, no = £0, C,u, 0 , CA + CrHA~HO 
When an alcoholic solution of ammonia is added to oxalic 
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ether, a somewhat analogous decomposition is effected, jiu 
excess of ammonia giving rise to the formation of oxarnide and 
alcohol : — 

Oxalic Ether. Ammonia. OxamiMe. Alcolml. 

+ 2 AN) = oi^N,CW + 

This reaction fnrnislies one the best methods of procurin ^ 
oxarnide. If the ether be in excess the decomposition is diflerent ; 
alcohol, and a substance soluble in alcohol but flisolulilc in water, 
crystallizing in beautiful pearly tables, is formed : this body .was 
originally termed oxameihane, but it is now admitted to be oxemte 
ether, or the ether of amidated oxalic acid (HO, 1058): — • 

Oxalic Ether. Oxamie Ether. Alcohol. 

4 - n3N = 4 - caaho 

If equal parts of oxalethylate of potash and sulpliomcthylatc ol 
tliis base be tlioroiigldy dried, then mixed and submitted to distil- 
lation, a curious double etlicr [rnethyUethyloxalic ether, 

C^Hr^O, (V^o) obtained. * It forms a yellowish oil, heavier tlian 
water, of sp. gr. I’l 27, boiling at about 330°, and emitting a vapour 
of sji. gr. 4-67. 

(1006) Carbonic Ethvr (aC.Jt-ACaOJ, Sp.gr. o i^, of vapour 
^,•09. — This ether cannot be obtained by the ordinary mode ofjirt'- 
paring these compounds. It may l)c formed by heating (*arl)oiiati; 
of silver with iodide of ethyl in a closed tube; but it is generally 
procured i)y beating sodium or potassium with oxalic ether, in which 
case carbonic oxide is disengagijd abundantly, wliilst carbonic ether 
distils over, and oxalate of the alkali remains in the retort. Car- 
bonic ether is a very mobih; liquid, of a sweet aromatic odour ; it 
is not very inflammable, but is readily deeom])osed by an alcoholic 
solution of potash. When heaieil in a sealed tube with an alco- 
holic solution of ammonia, “alcohol and carlmmie ether (urethane) 
are formed ; and if the tcmj)eraturc be raised to about 356°, tlic 
excess of ammonia slowly converts the carbonic ether into alcohol 
and urea, or carbamide (Natanson) ; both decompositions' being 
analogous to those which oxalic ether undergoes w 4 th greater 
facility by the same reagents : — 

^Carbonic Ether, Carbamic Etb(?r. Alcohol. 

rc.H.O, C.,0’ + H,N = + ^H.O.lio 

Carbamic Ether. Carbamide (Urea.) Alcohol. 


C,H.O,H^CA + H.N = 


+ C4H,0,H0 
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Urethane, or vm inmic ether, is a substance which resembles 
8p(‘nnact‘ti in appcaiance; it evinces a remarkable disposition to 
crystallize, and forms lar^^c transparent leaflets, fusible below 212°. 
It boils at 356", and yields a vapour of sp. gr. 3* 14. It is very 
soluble in alcvliol and ether. If distilled in a moist state, it gives 
off hntfe «piantiti(\s of ammonia. 

ClUorovarb()vic Ether (C1II5O, C^ClCXj), Sp. gr, of liquid i‘i39, 
of vapour 3 *823. — This compound is obtained by absorbing phosgene 
gas by absolute alcohol, and rectifying the product from powdered 
litharge and eliloridc of (calcium. It is a colourless, very limpid 
liquid, which emits a suffocating odour, and irritates the eyes 
])owcrfully. It boils at 201°, emitting an inflammable vapour, 
which burns with a green flame. It is not soluble in cold water, 
but jg decomposed by boiling w^ater. Gerhardt represents this 
compound as an oxychloride, which bears the same relation to 
carbcthyli(j acid that benzoic oxychloride (chloride of benzoyl) docs 
to benzoic acid : — 


Uon/.oic Acid. 


H 


Go 


Carhclfijlic Acid. 

•c:n;ao;jo^ 


Benzoic Oxvebloridc* 


j 


Cldoroeurbonic Ether. 


C,H, C,0, \ 
Cl J 


(1007) Cyanic Ether (C4H5O, C^NO), Sp. gr. of liquid 0*898, 
of rapour 2*473. — ether mi\y lx* prepared by distilling cyanate 
of potash with the sulpheth\ late of that base. It is an extremely 
jniugent volatile li(]iud of high refracting power. Cyanic ether 
when decomj>osed by hydrate of j)otash undergoes a remarkable 
transformation, in couscquene.e of which it is converted into a new 

Jjtise, ctliylia, C^IIjN (= II ^N), which corresponds to ammo- 

H 3 

nia in which one cqiiivalcnt of hydrogen has been displaced by 
ethyl (C4JI;,) the organic radicle of ether. (Wurtz. Ann. de jChimie, 
III., XXX., 447.) 

Cyanic Ether. Hydrate of Pota.sli. Carbonate of Potash. Ethylia. 

C,HjO, CjNO + 2(K0, HO) = 2'(KO^ca) + ojil^jN. 

« 

A similar decomposition ensues when the cyanic ethers of the 
other alcohols are treated with hydrate of potash, a series of 
^kalics homologous with ethylia being formed. Thxis, starting 
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with hydrated cyanic acid, which contains hydrogen instead of one 
of the radicles of the ethers : — 


Cjanio Acid, 

H aCjNo -f- 2 (e:o,iio) 

Methjd-cyanic Ether. 

c^HgO, g,n6 -f 2 (Ko, no) 

Amyl-cyanic Ether. 

ci"oH7o, aNb -h 3(K0, HO) 


Ammonia. 

3(ko, cOj) + '~lr,H3r 

Mothy^. 

2 (KO, CO.) 4- 0., H 3 , HgN 

A my lia. 


2(K0,C0,) ^ C\,H„,H,N 


When cyanic ether is treated witli ammonia, combination occihrs 
between the two bodies, and a body homologous with urea, eth^U 
urea (CellsNaOg), is formed : — 

Cyanic Ether. Elhyl-urea. 

-f li^N = Tl3(C,IL,)N^C^' 

The other cyanic ethers, when treated with ammonia, form lu.tno- 
logoiis bodies, or ureas in which the idaec of one e(|uivalent of 
hydrogen has *l)eeu supplied by one equivalent ^of the various 

radicles of the ethers. T^hu?#: — 

» 

IT / Ti* \-NT {< r\ ^ from hydrated cyanic acid and 
Ordinary urea . = H,( If )N,t A \ ammonia. ^ 

Methyl-urca. . = 11,(0, 11, )N,CA { '" 

Elhyl-urea . . = H, IN^CVO. from eiliylfyanie oilier. 

Amyl-urea . . = lla^CjylljdK.C.O. from amyleyauic etluT. 


The various cyanic ethers when yilaced in contact with water 
undergo decomposition ; they evolve carbonic acid, and tlui nicm- 
Ijcrs of another series of ureas arc produced, in which two equiva- 
lents of the hydrogen contained in ordinary urea arc displaced by 
two equivalents of the alcoiiol radicle ; for example : — 


Cyanic Ether. Dielhyl-nrca. 

!^i'o7c3'o.? + 2 no - i (CO.,) + 

Methyl-cyanic ctlier yields under like circumstances dimethyl-urea ; 

Methyl-cyanic Ether, Dimethyl-urea. 

aN^2 HO = 2 (CO,) + n,(aH,),.N,C2a; 
and amyl-cyanic ether yields diamyl-urca ; 

Amyl-cyanic Ether. Diamyl-urca. 

afSiAi^oTc^C^ 2 HO = 2 (CO,) -I- 
It may be observed that dimethyl-urea is isomeric with ethyl- 


urea 


for 


Dimethyl -urea. 


Ethyl -urea. 


A(aH,),ii,CA = 


C.H,N,0,- = 


H>(C.H,)N,C„0,. 
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jriHtrilS NOT DKHTVKf) FROM KTlIYLlC ALCOHOL. 


M<!tliyl.cvariic ether undergoes a singular spontaneous change even 
when s(aile(l up in a tube ; in consequence of which it, in the 
course of a iv.w hours, becomes converted into a crystalline mass 
of inothyl-cyanurie ether. 

(j[oo8) Cf/anurk Ether (3 C4TI5O, CgNaGa), Sp, gr, of vapour 
7*^. — (compound is obtained by distilling a mixture of sulph- 
ethyhite, and cyanuratc of i)otasli, hy the heat of an oil-bath. It 
is isomeric with cyanic ether : but it is solid at ordinary tem- 
jK^raturcs, and niay be obtained from its solution in ether in 
i)riJliant crystals, which melt at 185°, forming a liquid heavier 
tlian wat(n’, wliicli boils at 529°, and may be distilled unaltered. 
Wiien tri'-ated with hydrate of potash, it yields ethylia. The 
eyanuric (others of the other alcohols yield the corresponding 
all^fSies when similarly treated, the products being identical with 
those whi(;h are furnished when the cyanic ethers of the same scries 
are similarly decomposed: — 

Cyauurir ICtlif'r. Ethylia. 

6(TvO,nO) = C(KO,CO,) + 

• 

AUophauk Ether (^IL^N^^^r,). — This compound was 

long mistaken for eyanuric (;ther. It is obtained by transmitting 
tlu; va})ours of hydrated cyanic atfid into alcohol. It is a solid 
crystalline, colourless, tasteless, inodorous body which is insoluble 
in cold water, but is soluble in boiling wattu-, in ether, and in 
boiling alcohol. It is soluble in eohl baryta water, which converts 
it into alcohol, and a new salt, allophanatc of baryta (BaO, 
(/.|1I3N205). The acid is nut known except in combination. 

{(i) Ethers not derived from Ethylic Alcohol, 

(loool Metiiylic Etueii, or Oxide of Methyl (CgHgO, CkH^O), 
^p, gr, of vapour 1617 . — By distillingi 1 part of pyroxylic spmt and 
4 parts of oil of vitriol, a colourless gas with a peculiar oppressive 
ethereal odour is disengaged, which is the hornologue of ether in the 
ethylic series. It is accompanied by carbonic and sulphurdbs acids, 
which may be removed by allowing the gaseous mixture to stand for 
twenty-four hours in contact witli slaked lime. Gaseous mcthylic 
ether is freely soluble in water, which dissolves about 37 f^ies its 
bulk of the gas, and acquires its odour and pungent ethereal taste. 
It is still more soluble in alcohol. This gas is very inflammable, 
and burns with a pale flame ; it is not liquefiable by a cold of o°F.' 
This substance, it should be observed, is isomeric with alcohol. 
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with which it corresponds, botli in its equivalent nuinber and in 
the density of its vapour. Couiponiids of methyl may be ohtaiiu d 
with chlorine, bromine, iodine, and sulphnr, forming cliloride, bro- 
mide, iodide, and sulphide of methyl : all these bodies are inllani- 
mablc : the cliloride is gaseous at ordinary tcm])ei;jitures ; tlie 
bromide and the iodide are volatile licjuids of considci’able dolfsit}’. 
Xll these compounds arc prepared tike the eorresponding comjiounds 
of ethyl. Combinations of oxiefe of methyl with the oxyaeids also 
exist, forming a class of compounds jiarallel with^he ethylie oxv- 
acid ethers : thus we have sulphate, nitrate, oxalati', aeetate^of 
methyl, and so on. 

(loio) M(dhy I- Sulphuric Eihei\ or Sulphate of Melinjl (2 C^ 1 T;^ 0 , 
is procured by distilling i part of jiyroxylie spirit with 8 or 

10 parts of oil of vitriol ; the ether passes o\cr as a tast^(.*ss 

oily liipiid, and collects in the receiver. It must be washed w ith 
cold water, digest(‘d on quicklime to free it from suljihurous ixcld 
and wnter, and then rectified. It is thus obtained as a colourless 
liquid which fioils aU and gives off a vajiour containing 2 

equivalents of oxide of incth^ and 2 of suljihnric a(‘id in 4 volumes. 
It is slowly dccom})Oscd by, wat(*r in the ('old, but is quickly re- 
solved by it at the boiling point into wood spirit and sulpho- 
mcthylie acid. • 

jih'thyhAceiic Ether ; Acetate (f Methyl (Ckll-jO, is 

formed abundantly during the desiructive distillation of wood, and 
enters largcdy into the eoinj)osition of crude wood spirit. It is a 
colourless li(pnd, of an agrei^able etlu'i’cal odour, boiling at 133*^; 
it is freely solulde in water. The hydruti'd alkalies (haompose it 
into acetic acid atid wood spirit. It may he o])tain(.‘d by distilling 
2 parts (d’ wood s])irit w ith 1 part of (oiuH iitrated a(^("tie acid, and 
1 of oil of vitriol ; the crude j)roduct is na^tifitul from chloride of 
ealciuju, whicdi redains the umduingcHl wood spirit. 

MethyhOwaUc Ether, or Ojatute of Methyl (2 (Xlb^O, 
at ordinary tcnq)eratures is solid, and may be sublimed without dif- 
fi(nilty. A compound of oxide of methyl has in one instance Ixon 
discovered ready formed in the vegetabh' kingdom, constituting, in 
combination with salicylic acid, salicylate of uiethyl, the essential 

011 procured from the Betiita lenta, a species of l)ireh, and fnmi the 
winter green {Gaultheria procunibens) (Call/), ('nH.-iC).-) : a com- 
pound exactly re3cml>ling the natural oil is obtained by distilling a 
mixture of wood spirit wdth salicylic and sulphuric acids. This 
compound possesses the power of uniting with bases like an 
acid. 
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(loii) The foilowing table shows the composition and some 
of the physical properties of the more important methylic ethers. 
The densities to wliich an asterisk is affixed were taken at 33“ F. 


Mk thyl Call;!. 

Formula. 

noiUnp point, 
0 y 

Specific Gravity. 

Liquid. 

Vapour. 

0\i(lc *. . . 

Sulpliide . . 

a 11,8 

105-8 

0-845 

1- 613 

2- 115 

IliHulpliide . . 


about 240 

1*048 

3*310 

(/Idorido . . 
] 3 roiuid(* . . 

C5II3, cl 

CjH.,, Br 


1*664**' 

1*731 

Iodide . . . 

CJI,, I 

I U4 

2*1992* 

4-883 

Cyanide . . 

an.,, aN 

1706 

I ■4,'} 

Sulpliaio . . 

2 (Ul,(). S ()„ 

370 

1*324 

4 ‘ 5 <>S 

Nitrate . . . j 

c,n 0, jfo, 

1 151 

1*182 

2*640 

borate ... 

3c:,h;;o, bo.; 

i6r6 

0*956 

3-66 

Form i ate . . 

(Oi/hc.ii 0, 

1 921 

0*9984* 

2-084 

Acetate . . . 

cui,o. c, II, 0, 

i h 33'3 

0*9562* 

2 ‘ 5<>3 

Butyrate . . 

c,,n,(). c„ 11,0,1 

204 6 

09209* 

3‘52 

y alerate . . 

c.ji,o. c,.,n„o. 

2411 

0*9015* 

Cyiuiato . . 

Cjir.,!), C.. Jv 0 : 

about I £4 


(•yanurate . . 


‘ . 525 i 


5 ‘ 9 S 

Benzoate . . 

[ C.JI., 0 , C„B, 0 , ; 

3 ^ 9*3 i 
321*8 j 

43r6 i 


4 ' 7 i 7 

Oxalate . . . 

Salicylate . . 

i 2 (01,0. (!, ■ 0;, 

c.,ii,o. c„ii, 0, 

1 t*i8 

n'42 


(1.012) Trityl'ic, Tcirytic, Amylic^ md Octylic Ethers, — i. 
Tniylic Ether was ohtaiiu'd by Cliaiioel, ])ut it is little known, and 
its derivatives have not yet been investi^^ated. 2. Tetry/ic (butylic) 
Ether was first (l(\seri])(Ml by Kolbe as one of the products of the 
voItai(5 decomposition of \'alcrate of potash. Since that time, M. 
Wnrtz has published a memoir on the ethers of the tetrylie series, 
to whi(di tlu? j’cader is referred for a description of their properties 
{Ann. de Chhnie, 111., 129). The amylic series has been more 

complcU'ly investigated, from the circumstance that the raw material 
* (fousel oil) from wliich they are procured is an abundant secondary 
product wliich is separated from corn brandy and potato spirit 
during tlie process of rectification. 

3. Amylic Ether (Cu)IliiO, CjoHnO) is obtained only in small 
quantity by the distillation of fousel oil with sulphuric acid, since by 
this method the greater part of the alcohol is converted into hydro- 
carbons isomeric with olefiant ga«?. Amylic ether boils at 349°. M. 
Balard states that he also procured it by decomposing chloride of 
amyl (CioHuCl) by means of a concentrated solution of potash :-the 
mixture is to be sealed up in a tube and heated for some time to 212°. 
The liquid which floats upon the surface has a fragrant odour, and 
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boils at about 23 It is, however, doubtful, according to William- 
son, whether this is not the amylcthylic ether. No analysis of 
it has been made. It is probable that some of the compound 
ethers of the amylic scries are the bodies to Avhich the odour and 
flavour of certain fruits belong, but they present no special points 
of interest, and therefore need no detailed description, l^liey m:\jr be 
procured by methods analogous to ihosc which w ere described when 
treating of the diftcrent ethylic eflicrs. The amylic series w us care- 
fully investigated by Cahours, {Atm. de Ch’miie, ll.,jxx. and Ixxv.) 

The following table contains the principal ethers of the tetrylie 
and amylic groups : — 


i 

1 

i Tt'trylif ( 

Fornmla*. 

niityli.O 

Jioiliny: 

point, 

"F. 

Rorit*!*. 

Rp. Kr. ; 

liiqui*!. Vnpimr 

Amylic Series. 

Roiling 

Fonnuljc. p‘oii, 

Sp. 

Liiptnl. 

a>*. : 

V 

j Oxide . . 




C.oll,/'. <^.",.0 34 S -8 



; Sulidiide . 



1 

420-S 


6*3 

rJiisnlj)liide 



! 

(:,„ii„s.,(;,ji„s, 4X0? 

0*918 


(Chloride . 

CJbClI 


i || 

c'l 215 

i i 

377 

1 Bromide . 

C,I],Iir 

up 

' 1*274; 4*72 l! 

Ur 

1 


j Iodide. 


249*8 

1 •6<?4 6*2 1 7 : 

I 294-8 

1*51 r 

6*67 = 

j (fyauide , 

Cy 

257 

lO'Sfo 2*892 ! 

C.N 2.44-8 

0*806 

3 ' 3 .L- 

: Nitrate 

0 JJ,O,N(), 

266 

! i 1 

<',„I1„(>,N(), 2,48-4 

0994 


j v\(.‘(date . 

0„lI,O,O^ll30s, 

-37 , 

0*884:4^73 : 

^^3 ^^3 *57 


4*458’ 

Cjirhonate. 


1 





Oxalate . 


! 

^ i • 

2(;,„ii, ,(>,<;, (>„ : 503 1 

0*914^ 

8*4 


4. Houis has recently examined (Ann. dr. Chinitey III., xHv., 
izH) s(‘veral of ilui (thers of the octylic. (caj)rvli(r) series: many of 
them ]JOsscss a very agreeable and fragrant odour, >vhi(!h may pos- 
sibly lead to their cmi>loymcnt as perfumes ; but they do not 
prcMUit sufiicieiit importance to require further imtice in this 
work. 

§ V. Action of-Ciii.orine o:^ ihe Ethers and Alcohols. 

(1013) Chlorine exerts a powerful action upon the alcohols, 
and upon all their derivatives which contain hydrogen, forming 
by substitution numerous compounds, in wdiieh u certain number 
of equivalents of hydrogen are displaced by chlorine. Similar 
effects are produced by bromine and by iodine, though tlic action 
of these elements is less energetic. Solar light greatly increases 
the faedity w ith w hich the reaction is effected. The gcnei al laws 
by which these substitutions are regulated will be best understood 
by the descrijition of a few of the most important compounds 
thus formed. 

N 2 
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U() Jkrtmiives from Wine Alcohol. 

(1014) Dkhlormated Ether % (C4IL3CI2O). Bp. gr. 1*5008.— 
"VVliou dry (dilorine is passed into auliydrous ether, abundance of 
hydrochloric acid is formed ; 2 of the 5 equivalents of hydrogen 
in each Inilf of the molecule of ether are displaced, and in their 
stead 2 (‘(iuivaleuts of clilorinc enter into the compound. 8 equi- 
valents of chlorine, and i of ctlier, tlius produce 4 equivalents of 
Iiydrocliloric^ acid, and i of this new body : — 

lAf.or. Dicblorinatt?d Ether. 

2 (c,]];;o) + 8 Cl = 4 IICl + 2 (C^I^O.) 

It forms a lieavy, colourless, oily litpiid, neutral to litmus paper, 
with an odour and taste resembling that of fennel; at 284® it 
ufuim’gocs decomposition before it begins to boil, and by contact 
with wat('r it is gradually converted into acetic and hydrochloric 
acids. It has been regai-ded by Liebig as a compound of the 
same order as actdic acid, and he terms it oxychloride of acetyl f 
1 1 

2 ^ ; 6 etiuivalcnts of water woulil produce, with i equiva- 

lent of this substance, 2 ecjuivalents of dry acetic acid and 4 of 
hydrochloric^ acid ; + ^UO = 2 ( 110 , CJIaOa) +4 IICl. 

An alcoholic solution of potash immediately ])roduce8 this decom- 
jiosition, (‘hloride of potassium and acetate of potash being formed. 

Pcrchlori nated Ether ((bCl-Cb (bCl-llj. Bp. gr. of solid 1*9. — 
If ether, saturated with chlorine, be exposed in a vessel with excess 
of the gas, to tin* diriuit rays of the sun, a crystalline body is 
formed, which fuses at J56®. It is soluble in hot alcohol, and 
crystalli/es on cooling in oetohc‘dra with a square base. This 
substance represents ether, in which the whole of the hydrogen 
has been displaced by chlorine. Under certain circumstances the 
pcrchlori nated ether, at the moment 'of its formation, is resolved 
into ses(]ui<‘hloride of carbon, and into a body corresponding to 
aldchyd, in which all the hydrogmi has been displaced by chlorine ; 
and;a similar transformation occurs when tlic vapour of the chlori- 
nated ether is exposed to a temperature of about 592° j 

IVri’hlorin. Ether. Seaijujuhlor. Carb. Perchloraldehyd. 

3 (cHo) = + 6^,0;. 

An alcoholic solution of potash decomposes perchlorinated 
ether, but the reaction is complicated, owing to the presence of 
compounds derived from the alcohol employed. 

(1015) The action of chlorine upon chloride oif ethyl is more 
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regular; witli suitable care it is possible to obtain compouiuls in 
which each equivalent of hydrogen is successively removed, and its 
place supplied by cldorinc, its shown in the table given at page 46. 

(1016) Action of Chlorine upon Compound Ethers . — The fore- 
going examples are true cases of substitution ; but iif some rare 
instances tlic chlorine unites directly with the compound, pro- 
ducing a new chlorinated body, without separation of hydrogen or 
formation of liydrochloric acid ; an instance of this kind is pre- 
sented in pyromueic ether ((bHr/b absorbs 4 

equivalents, or ratlier nior(‘ than its own weight of chlorine, aivl 
from a crystalline solid beeonies converted into a colourless 
syrupy liquid, C4II.O, A more familiar example is 

otfered in the din'ct union of <‘hloriue and olefiant gas. These 
two gases, wIkui niingh'd in eijual measures, combine to form 
oily liquid discovered by the Dutch chemists, and which, by ^ho 
continued action of elilorine, yields a seritis of (compounds, the last 
tnernber of whieji is haraday’s sesquiehloride of (carbon (400). 

The following tablc/exhibits in one view the etli’et of chlorine 
in its successive stages upoi^* etlu'r, and some of its derivatives 
and com])Ounds : — • 


N(jrnial ICniors. j JVrcJiloriiuih’fl, 


Alr(»hol. . . I (J^ 11^0,110 

Ktlior . . . ■2(C,,Il'o) 

CuH»(iiiic Etlior ^((.'JtrO, ('()„) 
Oxalic, I'HiKtr . 


Fortuic. EOior . 
; Acotic EMjfir . 
, <'hlt-racL'tic (t>, 
do. 

r^roiuucic do. 


CVf 

Cpi’o, (’,(:!,< )\ 


■N'arious 

CJiOLO* 


2((-!,ir,(Vb 

(.VT,ri,o,(\ilo, 

0,0,1130, 


2 ( 0 , 01 , 0 ) I : 

2(0,01,0, (^O,) I 

2((.:,0i;o,(Vb) ! ; 

(’,01,0, (yiOg i 

0 ,(;lo,(.\ 013 oV ■ 

ov;];o,ov.:i303 0,110), 0,0,0)303 1 

O^II.,(d,,,(. j 

0,11,0,0, „1130V>,| 


Experiment shows that, whether ether be free or in combination, 
the first 2 equivalents of hydrogen are more readily removed from 
it than the others, as indeed •might be expected from the facility 
witli which alcohol loses 2 e(|uivalents of hydrogen by oxidation in 
tlie manufacture of acetic aeid. All the compounds indicated in the 
third column ot tlie tabic are represented as containing C4l^Cljp; 
and when any one of these is subrnitted^o tlie action of an 
.alcoholic solution of hydrate of potash, it is accomposed ; and ace- 
tate ot potash, along with chloride of potassium, is found among 
the products. This circumstance can only be explained by sup- 
})osing that, wdienever the compound ethers of an organic acid 
into the composition of which hydrogen enters, are submitted to 
the action of efrorine, the hydrogen is in the first instance dis- 
placed from the ether, and subsequently, by prolonged continuance 
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ortlic action, tlio tlispl uN Tuent extends to the hydrogen contained 
ill the acid of the eoiniiound. The mode in which the new bodies 
undergo decorn position^ in many instances affords proof that the 
displacement is effected in this order. When, for example, chlori- 
nated fornric ether is decomposed by an alcoholic solution of 
potash, cjliloride of potassium, and acetate and formiateof the base, 
arc till! result : — ^ 

* nx hloroformjo rthtT. wAcetat© of Potash. Pormiafe of Potash. 

4 KO + CillJj/), C3ll63 = KO, +2 KCl + K^Cgii^ 

ISovv the compound C4ILJCI2O, when, decomposed by potash, yields 
acetaic of potash and chloride of potassium (1014), so that the 
ibriniate is evidently derived from iindecomposcd formic acid, 
a When chlorine is made to act upon the ethers under the 
conjoiTuul influence of the surds rays and of a high temperature, 
the ttliole of the liydrogcn, both of the ether and of the acid 
condiincd with it, is displaced. These ])crchlorii?ated compound 
ethers, such ijs the pen^hloracctie (‘ther * (C4CI5O, C4CI3O3) and 
jierehloroforrnit; other very unstable. They 

are rc'adily dcu^omposed by elevatiCni of ti'inperature, and by 
alcohol, as well as by solutions of amimmia, and of th(^ fixed 
alkalies. VVlum the iierclilorinated ethylic (‘Ihers are subjected to a 
high teinjieratun’, tlu^ jirodiicts obtaiiunl vary with the nature of 
the acid (ronihincd with the etlier; but amongst these products, 
])crcbloral(lcliy(l is always present.- This compound 

is doubih^ss derived from the compound C^Cl^O, which all those 
bodies contain, and whieli, at an elevated teraperature (1014), 
yields sestpiiehloride of carbon (XCl^jand perch loraldehyd (C4CI4O2). 
Will'll the deeomjiositioii is elfected by alcohol, or by an alcoholic 
solution of ])otash, amongst other bodies trichloracetic acid 
(110, or the products of its decomposition, is always 

found. This substance is the ri'suk of tlic action of water upon 
pi'rchloraldebyd ; hydrochloric acid being liberated, as is shown 
thus :~~ 

^eri'hloraMt*hvJ. ChlorRortU? Acid. 

= 110 , vj^o^ -h Hci; 

and when ammonia is made to act upon one of these perchlorinated* 
ethers, triciiloraeetamide, which is always one of the products, is 
obtained by the following rcaetion upon pcrchloraldehyd : — 

P©rchloriiI<li»h,v«l. Auunonia. Tri«‘hlorm'etHmide. 

C*C1A + IlaN = C*C\IUN^ + «CL 
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M. Cahours finds that the chloromethylic ethers are subject 
to similar general modes of decomposition, though of course the 
specific products differ from those yielded by the ethylic series. 

It frequently happens, however, that the compound produced 
by the action of chlorine docs not correspond in cojnposition to 
the body which furnishes it ; for in these cases the nunib^' of 
equivalents of hydrogen which ss removed is greater than the 
number of equivalents of chlorine which enter into the compound. 
An example of this kind occurs when dry chlorii^e is transmitted 
through anhydrous alcohol, when the substance, described by 
Liebig under the name of chloral, is fonncul. 

(1017) Chloral; Trichloraldchyd (C^CIJIOJ. ^p. gr.oflUjuid 
1* 502 ; of vapour 5' 13. — When pure anhydrous alcohol is submitted 
to the action of well-dried chlorine, it is decomposed ; but 8 equi- 
valents of chlorine arc required for the dccom])Osition of a single 
equivalent of alcohol ; a copious discngageiuciit of hydrochhwk; 
acid occurs, and chloral is formed. This body, however, docs 
not corrcs})ond*iu composition to alcohol, but to aldchyd, 2 equiva- 
lents of hydrogen having be«n removed witliout afiy corresponding 
substitution of chlorine, whjPst the other 3 equivalents of hydrogen 
have been displaced l)y chlorine in the usual manner. These 
relations will be at once pcrcciwd by comparing the forrnulie ; 

Alcohol CjIluOa or (^llgO, HO 

Aldeh3'd C^ll^()2 or C^Il^O, liO 

Chloral or C.Clf), 110 ; 

and tlic reaction is represented b}^ the equation : — 

Alcoliol. Chhirul. 

-f 8 Cl = + 3 iici. 

If chlorine be passed into dilute instcjad of into anhydrous 
alcohol, no chloral, is formed, but instead of it aldchyd, acetic acid, 
and hydrochloric acid are produced. In this case aldAyd appears* 
to be the compound formed, and by a secondary reaction of aldchyd 
upon water at the moment of its formation, it approj)riates 2 equi- 
valcntst of oxygen from the water, whilst the chlorine removes 
the corresponding quantity of hydrogen : — 

Alcohol. Aldi'hyd. 

+ 2 Cl = + 2 IICl ; and 

AlJehyd. Acetic Acid. 

eXhOi + 2 HO + 2 Cl = (yij), + 2 IICl. 

Chloral iu many respects, a vei’y remarkable body. In 
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order to obtain it in a staff fif purity, the alcohol is subjected for 
many hours to a euiTiait of chlorine, wliich is transmitted so long 
as it is absorbiub It is necessary at first to keep the alcohol cool, 
hut afttTvvards th('. tem])cratnrc must l}e gradually raised until it 
boils. The crude product is mixed with three times its bulk of oil 
of vitriol, and distilled at a gentle beat. This operation is again 
rf'pcatcd, and it is a third time distilled over quicklime. Stedeler 
finds that chloral may also be formed by distilling a mixture of 
one part of starfdi (or sugar) with 7 of hydrochloric acid and 3 of 
peroxide of rnangiincsc ; formic and carbonic acids, and other 
bodies, accompany it. 

(Chloral is a colourless, oily-looking fluid, of a peculiar pene- 
trating odour, which produof^s a flow of tears ; when dropped upon 
[)ai)f'r it leaves a transient greasy stain. It boils at 201°, and is 
solubli*, in water, al(‘ohol, and ether. If mixed with a small 
quantity of Avatf’.r, iniu'li In^at is extricated, and a crystalline 
hydrate is fornuul in tin* sann^ way as with the bichloride of tin. 
One of its most singular pr()])erlies is the ebangc which it uncler- 
g()(^s spontaneously by kecj)ing; in rr few days it becomes con- 
v(‘ricd fAto a tf)ngh white ] )orcc I lahaus- looking mass, isomeric 
with the liquid form, into which, by distillation, it can be again 
ronvert(‘d. This w hit(^ suhstancf^ is insoluble in alcohol, in ether, 
and in water, but by (contact witli water it is gradually conviTtcd 
into lb(' crystal I iz(‘(l hydrate of chloral. Tin' facility of thus cflecting 
its transformation iutf) isomeric modifications indicates a certain 
rf'seinblauce to aldehyd in the instability of its molecular arrange- 
ment. 

An alcoliolic solution of potash converts chloral immediately 
into formiate of potasli and chloroform, 

Cl'l'M'iil Fonnml o of Potash. Chloroform. 

<-/%iio7 -f Ko, no = c,n(7 + cjic^. 

This fact cannot, however, be supposed to indicate much respect- 
ing the grouping of the comjionont molecules of chloral, the 
unstable equilibrium of which is evidenced by the facility wdth 
which chloral spontaneously jiasses from the liquid to the solid 
form. There is no doubt tliat tlie arrangement is very dif- 
terent in these two foriiis, and if tlni**. whilst unsolicited by any 
extraiu'ous chemical forces, its molecular arrangement is so readily 
alU rtxl, it is obvious that tlm n sults of decomposition, under the 
influence of powerful chemical agents, will throw but little light 
upon the probable arrangement of its constituent elements. 
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(loiS) Pmldoraldehyd (C^Cl40jj). Sp, gr, of liquid 1*603; of 
vapour 6*32 — This body is obtained by transmitting the va])our of 
pcrcliloriiiatcd other 2 (CtCl-O) through heated tubes (1014), a 
mixture of scsquicliloridc of carbon and pcrchloraldchyd being the 
result : — 

Pert'hlor. EtFior, Sesquifhlor. Carijon. Porchloraldcliyd. 

2 (cTciJ)) = •c,ci, + 

Tlic two compounds may lie sej)arated liy distdlatiou, since tlic 
chloride of carbon is the less volatile of the two. Vei’chloraldehyd 
is also always one of the produ(;ts of the decom[)ositiou of the*, 
compound chlorinated cthylic ethers by luuit (1016), of which the 
following may be takcai as examples : — 

PiTclilorolonnir Ether, Vrt'uhloralilt'bj'J. I’hosi^etio. 

CiCljO, CaCl(>^ = CiCI,(i + 67), Cl,. 

PcnOiloraoetie Eth<*r. rerehlornkleliyd, 

. (’,C 1 , 0 , (’,C 1 , 0 , = 2 (C,C 1 /),). 

Pcrchloroxalic Ktlier, Perchloralileliyd. IMiosgene. * 

rc^cijC), CA = /(C.1CIA) + c,(),(7 + 2 cfc 

It is a transparent, fuming, volatile liijuid, which emits a suffocating 
odour, and boils at 244”. It tffrns the skin wbitc if allowed to fall 
upon it. Water decomposes it gradually into hydrochloric and 
trichloracetic acids : — 

IVroliloniUk'hyd. Trichlorao<*tic Acid. 

C4CIA -fi.no = no, (’1OI3O3 + iTci. 

Bromine acts upon alcohol in a manner similar to clilorinc, 
forming hromal (Ctlb’ylKX), which is a colourless oil of sp. gr. 3*34, 
boiling above 212°. 

(/>) Chlorinated Derivatives from other Alcohols and their Ethers. 

• 

It will be unnecessary to enter into any detailed description 
of the innumerable compounds which may be formed from the 
simple and compound ethers of the other alcohols, hy the substitu- 
tion of chlorine, bromine, and iodine for hydrogen ; for, with one 
exception, which occurs in the case of chloroform, they present but 
little to arrest the attention of the chemist. They have been 
minutely studied by Malaguti, Cahours, and Cloez, to whose 
various papers in the Annates de Chimie, the reader is referred 
for further information on the subject. 

(1019) CiiLoKOFOHM (C2IICI3), Sp.gr, of liquid 1*497 ; of vapour 
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^* 2 * — ri »nii pound is produced by a variety of re- 
actions ; when chlorine is made to act upon chloride of methyl, 
the lolJowiiig change occurs : — 

Chlor. Chloroform. 

-f 4CI = C^lClg + aiici. 

AnotluT rcmai-kablc mode of its*i5^)rniation has been pointed out 
by Dunuis^ avIio finds that a mixture of equal volumes of marsh 
gas and (jarboiiic^aeid, to which an excess of chlorine is added, 
sloy ly produc(\s an oily lifiuid consisting of chloroform and bi- 
chJoridi‘ of carlion. It is also produced during the decomposition 
of the trichlora(!etatcs by tlie hydrated alkalies : — 

Trlflilorafol.. Potash. Carl). Potash. Chloroform. 

ko, C^Clsa, + KO, 110 = 2 (KO, Co 2 + Calici^. 

And by the uctiou of the hydrated alkalies upon chloral : 

Chloral. Chloroform. Form iti to Potash. 

J^^nVA,0., 4- KO, no = C.ilCla + KO, C^HOa 

But it is most economically obtained l)y acting upon dilute alcohol 
with chloride of lime (bleaching powder). Wood spirit, acetone, 
oil of turpentine, and many essential oils yield it likewise under 
the influence* of (diloi’ide of lime. Chloroform is readily procured 
in a state of purity by the following process: 6 parts of chloride 
of lime, 24 parts of wjitcr, and 1 part of alcohol are to be mixed in 
a eapaeioiis still, and the temperature raised as rapidly as possible 
till it reaches i8o‘\ ^J'lu* distillation is then continued until about 
one |)art and a half liavc passed over; the products, consisting 
cliictly of ehlorofonn aecotttpanicd by water, collect in two layers 
ill the receiver — tin* cbloroform constituting the lower layer. It 
sliould be decanted from tin', aqueou^ ])ortion and agitated with 
oil of vitriol In ordi'r to destroy traces of volatile oils which ac- 
company it ; by another rcetibcatiou it is obtained in a state of 
purity. 

Chloroform is a colourless, volatile liquid, of high refracting 
power, the boiling point of* nhieli is 142® F. It has a powerful 
agreeable ethereal odour, and a sweet penetrating taste. Alcohol 
and ether dissolve it in eveiy proix)rtion, but it is very sparingly 
soluble in water. Coueentrated sulphuric acid lias no action upon 
it, and even potassiiuu does not occasion its decomposition. . It is 
inliaiucd witli diliiculty, and bui’us with a green flame. By mixing 
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it with an alcoholic solution of potash it is decomposed ; chloride 
of potassium, and formiate of potash being produced : — 


Chloroform. 


Formiftte of Potaah. 


C2IICI3 + 4 (KO, HO) = 3 KCl + KO, CJlOj -f 4 HO. 

Aqueous solution of potash docs not produce this changc,®owing 
to the sparing solubility of chloroform in ivator. 

The vapour of chloroform possesses the remarkable power of 
producing, in the person who lias respired it, ('©mplcte temporary 
insensibility to pain. It may be readily inhaled for this purjiosc 
by placing a small quantity of the liquid upon a sponge or a hand- 
kerchief which is to be lield before the mouth and nostrils. Pro- 
fessor Sinqison, of Edinburgh, has tlie merit of having liecn the 
first to apply this property to, the alleviation of human suflering ; 
and since the period when he showed its etlieaey ibr this purpose, 
it has been extensively enqiloyed for rendering jiatients insensible 
to pain durii^ severe surgical oiierations. 

It is of gr(*at iAiportanee that the eliloroform used for this 
purpose should be quiki piTre. In some cases it has been found 
when exposed to a strmig light to have undergone spontaneous 
decomposition. It ought to communicate no colour to oil of 
vitriol when agitated with if. The liquid itself should be free 
from colour, and it should be perfectly destitute of any chlorous • 
odour. When a few drojis are allowed to evaporate on the hand 
no unpleasant odour should be left. 

Chloroform has been regarded as ardiydrous formic acid, in 
which the three equivalents of oxygen are displaced by chlorine : 
but the mode in which it is obtained by substitution from chloride 
of methyl shows that liiis cannot be its true constitution ; it pro- 
bably ought to be regarded as the idH^ogue of methyl ie ether in 
which two of the equivalents of hydrogen arc displaced by chlo- 

rine, C2H3CI, becoming j Cl. If distilled in a current of dry 

chlorine, chloroform is wholly deprived of hydrogen, and yields 

bichloride of carbon (326), and hydrochloric acid; Cg^j | Cl -f 

2 Cl = CJC], + HCl. 

Chloroform freely dissolves sulphur, phosphorus, and iodine. 
It is also a good solvent for fatty and resinous bodies. No other 
liquid is so perfect a solvent for caoutchouc, which is left unaltered 
by it on evaporation. Lower chlorides derived from w^ood spirit 
having the formulse (C^HCla) and (C2HCI) have also been obtained. 
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lodopyrm (C.,T!f ,V J a wolid, of a yellow colour, in which 3 
erjuivah iils oi lodiiu? occupy the place of the chlorine in chloro- 
form. A corrcspoudin.!; compound with bromine may likewise be 
formed. 

§ YI. Ox TJIi; 11 YUKOCARBONS DERIVABLE FROM THE 

Alcohols. 

• 

(1020) Allusion has already beeJn made to a scries of hydro- 
carbons li{)m()lo^u)us with olefiant g^as, which arc derivable from 
th(j al(‘oh()ls, and process of ])reparin;^ olefiant gas itself has 
h('(ar des(!ri])(Hl (399). Hut besides the honiologues of olefiant gas, 
two additional s(jri(is of hydrocarbons may be obtained from the 
alcohols ; for the knowledge of these compounds we are indebted to 
4h(; n^searc'hes of Kolbe and Fi'ankland. One scries of these 
hodfbs corresponds to the radicle of the alcohol 2 (C„H„+i), the other 
to th(^ hydride of‘ that radi(de The table on the 

following page contains the more important members of each of 
these groups at pn'sent known. 

• 

[a) Ih/drocarhons h()tn.(d(Hjom tntJi* Olcfiaai Gas 

(1021) The eoni})ounds belonging td this series are generally 
forn](‘d by tlu' action of snl[>hnrie acid or of eliloride of zinc upon 
tlu'ir corresponding alcohols, from which they diiler by containing 
•tin* ch'ments of two equivalents less of water; for instance, — 

AIcoIimJ. OIrH.'iuf (Jas, 

CUlJo, - 3 no = cIh 4; aiul 

FiniHrl Oil. Aniyleno. 

''Fhey may also be obtained by the decomposition of the hydro 
1‘ldorie ether of tlic particufcpgjldcohol ])y exposing it to an elevated 
t('m])(‘ralure ; under llu'se eircuin stances the ether is resolved into 
hydroehlorie acid, and the hydrocarbon of the alcohol, thus ; — 

t’lili.i uK' nC Mi'thyl. Mi'thylone. 

yields + HCl; and 

Chloritl.' of Klhvl. Olollaiit (Jus. 

(Vl,Cb becomes (\lT^ + liCl. 

Tlie formation of these (‘ompounds Ijowevcr does not appear to 
consist tdmply in the abstract ion of water from the alcohol; for, 
in some eases, the substance which is obtained has a vapour density 
double of that wdiich the eoricspoudiiig hydrocarbon should possess: 
when, for instance, fousel oil is distilled with sulplnmc acid, the 
liydroearbon which is liberated is not aiuylene for it has 
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uiidcrgono condensation, fui^l has been converted into the polymerfc 
pammyleiie which has a density exactly 

(h»nhl(* of that of the true ainylcne olitained by distilling fousel 
oil with chloride of zinc. 

Confsi(l(‘rahle diflerencc of opinion exists as to the rational 
onstctiition of th(‘se Ijydiocarbons^ which are regarded' by Liebig 
as hydiidc^s of the radicles of the, fatty acids; thus he represents 
olefiant gas as consisting of ((^4113, H), or as hydride of ateUjL 

"FIk; hydroearjxms of this class combine readily with anhydrous 
snl])huric acicb and with ]>crchloride of antimony ; they are also 
slowly absorbed by oil of vitriol when briskly agitated with it^ and 
the solution when diluted with water and distilled, yields the corre- 
sj)ouding alcohol. I1ic‘sc hydrocarbons also combine with two 
' ccjuivalcnts of chlorine, bromine, and iodine, forming compounds 
winch correspond with Dutch li(piid in composition, and from 
which a similar scries of substitution products may be obtained ; 
for example, 

3 <:thylic putch liquid C,. CL, or C., II3 Cl, HCl. 

Trdvlic do. do. ll, CL, or C\. 11 , Cl, II Cl. 

Anisic do. do. or C:,„HiiCl, HCL 

^riie following are the more important of these hydrocarbons : — 

1. Methylene (CLllu). Dumas and l^digot obtained this 
gaseous body by transmitting the gaseous chloride of methyl 
through a red-hot porcelain tube ; C-aU^l becoming C2li2 4- IlCl. 

2. EthyUne, Olefiant Gas, oj' /f ( ( ■ J D has already been 

deserihed (399). It is })rodiieed abundantly during the dry distil- 
lation of j)it (‘oal, and of many fatty and resinous bodies. It is 
\]\i) ])rineipal liimiiu)us constituent of coal gas. When required in 
a state of ])urity it is always obtained by de(*omposing alcohol by 
means of sidphurie a<*id iu excess. 

„ TrityUne, Propylene (C«H(j), Sp, gr, 1-498. Reynolds ob- 
taim^d this gas mixc'd with marsh gas and some other compounds, 
by decomposing the va[)ours of fousel oil by transmission through 
a porcelain tube heated to redness; but it is best procured by the 
action of iodide of phospliorus (FI2) upon glycerin [notej IJ47). 

4. Tvtrylene, Butylene, or Oil Gas (C^Hg), has been already 
described (405). Tliis gas was asetTtained by Faraday to be one 
of the products furnislied by the d<*struetive distillation of oil ; and 
it appears also to be contained amongst tlie products of the distil- 
lation of caoutchouc. It was afterwards obtained by Kolbe during 
the voltaic decomposition of valerate of potash ; and by Wurtz as 
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one of the compounds produced by the action of chloride of zinc 
upon tetrylic alcohol. 

5. Amylene (CjoHio) may be procured by decomposing chloride 
of amyl by fused hydrate of potasli^ or by distilling a concentrated 
solution of cy pride of zinc with fousel oil ; or by.acting upon 
iodide of wM in a scaled tube with an amalgam of zinc : iif tfie 
latter case it is mixed with hydrkli* of amyl. Aniylcnc is a colour- 
less^ very mobile litpiidj with tJic odour of decaying cabbage. It 
boils at 102°. 

6. Hexylene; Caproylene (CiolTia)* This compound is a colour- 
less litpiid lighter than water, of a nauseous, penetrating, alliaceous 
odour. It is scarcely soluble in water, but freely so in alcohol 
and ether. It appears to ac^t injuriously wlum respirc'd ; the boil- 
ing point is 131°. It is obtained during the destructive distill 
tion of several fatty acids (Fremy). 

7. Heptylene or QHnanthyfene (C^iJIu) was obtained by I’ouis 
from the distillation of cenanthol (977) with anhydrous phosphoric 
acid. It is a licpiid which boils at about l 

8. Ociylene ; Capry/ene was obtained* as a colourless 

Ikpiid, insoluble in water,. tind boiling at 25 7^ by distilling the 
castor oil (octylic) ahxdiol with sulphuric acid, or chloride of zinc. 
The action of potassium or of mercury on chloride or iodide of 
octyl gives rise to the same compound ; 

C,, 11,^1 + Ilga = + IIg,I -f II. 

9. Nonylene, or Elaene (Cj^llm) was obtained mixed witli 
hexylene by Fremy, during the distillation of sevtual fat ty acids. 

10. Puramylene (C2,>H2()) i'> procured by the distillation of 
fousel oil with anhydrous pliosphoric acid in cxce.ss. Its boiling 
point is as high as 320^^, that of amylene b(;ing only i02°. Fousel 
oil, it will be seen, gives ri.se to three isomeric hydrocarbons of 
this series, viz., to* tritylene, amylene, and pararnylenc. 

( 4 ) On the Hydrocarbon Radicles of the Alcohols 2 

(1022) The first substance of this class wliidi was obtained in 
an isolated form, was the radicle of tetrylic alcohol, which was pro- 
cured by Kolbe during the electrolysis of valerate of ])otash, and 
was by him termed valyl, 2 (C^jH J ; other hydrocarbons homologous 
with tetryl, have been obtained by the electrolytic decomposition 
of the salts of the volatile fatty acids (871) (i 153) ; and subsequently 
a general method of obtaining these bodies was contrived by 
Frankland, who decomposes the hydriodic ether of the aleohol by 
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iiu aiiH of zinc, at a liigij temperature in sealed tubes. Mr. G. 
William . has recently .succeeded in isolating tetryl, 2 from tlic 

l^rodncts of the ch'structive distillation of coal at low temperatures, 
and \ h ) (conside rs it highly probable that several other radicles of 
this (dass may 1)0 found amongfet the numerous hyd^carbons which 
are formed during tlui distillation of this mineral. 

T]ic liydrocaj hons of this class have not hitherto been made to 
eombim* dinadly with chlorine, bromine, or iodine, so as to repro- 
duce the corresponding hydrochloric, hydrobromic, or hydriodic 
eth(‘r ; for when c‘xposcd to the influence of the halogens, various 
substitution compounds are produced. Some chemists, including 
Hofmann and (i(‘r]uirdt, 'when Frankland first announced the 
isohition of tlu‘se com])ounds, considenKl this as a strong argument 
against the; admission of the view that they w^erc truly alcohol 
radick's, and tlu^y pro])osod to view them as homologucs of marsh 
gas : but tlu^ sid)s(‘(juent isolation of the true homologues of marsh 
gas which constitute; the hydrides of the alcohol radicles (J025), has 
weakeiu'd tlu; forcr; of this objection. The bodies which 'w^c have 
termed alcohol i'adicles, may viry cocsisteiitly be regarded as ana- 
logues of liydrogCMi gas, whieli many ebemists suppose, when in 
its free .state;, not to ije a sim])le body, but a eom])ouiid of hydrogen 

IJ) 

with its('lf, in sliort, a hydride of hydrogen j and the radicle of 

alcohol may in like manner be considered as cthylide of ethyl, 

G II ) . . . 

a view which is now very generally adopted, and the cor- 

re(;tncss of wliicdi, the diseovtMW of the double radicles of Wurtz (to 
wbich we shall })r(*sently refer) may almost be said to have proved. 
I1ie alcohol radi<*les ai’c not absorbed by anhydrous sulphuric acid, 
or by oil oi’ viti iol, but arc completely soluble in alcohol. 

These hydi’()cari)ons ap])ear to belong to the hydrogen or 

mc’tallic ty])c HI, and arc represented by the formula 

an eqnivak nt of the compound a yielding 4 volumes of 

vapour, ^riit^y would therefore stand to the third series of hydro- 
carbons wliieh arc next to be described, in a relation 

similar to that of ether to alcohol, thus : — 

Ethor, Ethyl. 




Hydride of Ethyl, 
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M. Wurtz {Ann. de Chimie^ III. xliv. 275)^ following up the 
ideas of Williamson and Brodie upon the double ethers, has sue- 
cecded in obtaining compounds in which the second equivalent of 
the hydrocarbon is displaced by the hydj’oeMr])on of a diilercnt 
alcohob thus forming a series of double radicles couresponding 
with WiJliamson^s double ethers. If a mixture of the hydriifdic 
ethers of the two alcoliols bi c^}tii valent pro])ortions be decom- 
posed by means of sodium, thc^ two radicles combine at the 
moment of their li})cratlon, and form a new doiil)lto radicle. Thus, 
in the jircparatioii of etln l-amyb tlie following reaction occurs : — 

l(jditl<- <tl’ Kihyl. lotlide of Amyl. l'!(hyl Amyl. 

eVi;,! + t\,dlnT 4- 2X11 = 2 Niil + ^’inlln- 

The discovery of tlicse com]K)unds (ionhrins in a striking man- 
ner the ingenious hypotlicsis of Brodie (Q. ./. Chem. Sor., iii. 411^ 
as to the mod(; in which tlicse ahtohol radicles are produced. 

When zinc is made to decomiiose anhydrous iodide of ethyl, 
the first clfect docs not^eonsist in the liberation of etliyl, but in 
the formation of a new compound, zine-ctliyl. •This stage is 
rendered more cvidc'ut Iiy making the iodide of ethyl with its own 
bulk of ether, in whicli liquid the products of the reaction are 
sohdde. Thus ; — 

lodi.lo of 1<:tbyl. Zitic Klliyl. 

+ ZuZu = C’Xzn 4- Znl. 

This zinc-ethyl then reacts upon a frcsli portion of iodide of ethyl, 
and thus tlie ethyl is produced liy an ordinary double deconqiosi- 
tion ; tlie niolccade of ethyl from zinc-ethyl, combining at the 
moiiH'ut of its liberation with the molecule of ethyl from the iodide 
of etljyl, as thus rcprc’sented : — 

Indido of Kthyi, Zim-Klliyl. Ethyl. 

Qjiy = Znl + C,rr5r(^. 

If water he j)rcsent, the result is the formation of a hydrocarbon ‘ 
of a diflerent kind, which may ])c regarded as ethyl, in which one 
of the molecules of eth}d is displaced by hydrogen.* In that case 
the decomposition Avoiild be : — 

loditlo of Et byl. Hydride of Ethyl. 

HO 4- tbiU -f ZiiZn = CbHrn -h Zul + ZnO ; 
and Wurtz^s double radicles would be merely compounds, in which 

♦ At present no compound of zinc with hydrogen (IlZn) corresponding to 
zinc-ethyl is known, though there is nothing inqirobablo in the existence of 
such a body. 


PART III. 


O 
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the place of the u»ol< rule of hydrogen, or of the ethyl, was supplied 
by a (lidcrciit hydrocarbon : — 

Hydride of ethyl .... C4Hg, H. 

Etliyl (etliylidc of ethyl) . . C4H5, C4H5. 

Jfthyl-aniyl (etliylide of amyl) . C4H5, CioHn. 

*'It is interesting to remark, tliat the boiling point of these 
double radicles rises gradually*^ the number of equivalents of 
carbon and Ijydrogeri increases, and that this regular progression is 
ol)serve{l in tlicvsimple alcohol radicles when compared with them, 
as in the following table; the boiling point and va})Our density of 
tlie simple alcohol radicles being such as would theoretically be 
assigned to them upon the view above given; showing that both 
the simple and the double radicles arc formed upon a similar 
ijiolecular plan : — 


Double liiulioloH. 


Fonimbn. 

(Each yii'hlnij; ibnr \olwmcB 
or vapour.) 


Boilinp; 

)>oint 


Ethyl (Ethylido ( ^ 
of oMiyl) . .( ^ 

ElhYl'totryl . . 

.EtIjyJ-aniyl . . 

Mcliiyl-lu'xy] . . 

Tctryl (Tftryli(l(? ) 
of tetryl) . . ) 

T(‘tryI-aniyJ . . 

Amyl (Auiyliib* ( 
of amyl) . . ) 

Tclryl-licxyl , . 

llc.V) 1 ( 1 Icxylidc ) p ir p 

of hexyl) . 


! C ,, I I C Jl., , 

( iFy , 

( = C ^ TTj, , 

u.. 


bs lb, 

V.oHn 

tls lb, 
1 lolbi 
t lolfii 

f 12 11 13 


-9'4 

143^) 

190*4 

i 79*()F 

222‘H 

I 

269*6 ' 

30 I 
30 

395‘? 


S]>ocific (rravity. 


Vapour. 


Expt,. i Theory. 


2*046 

3;o:>3 

3*426 

4*070 

4'4^h) 
4*899 j 

4*9^7 

6'9^3 


2 004 

2*972 

3- 465 

3 455 

3'939 

4 423 

4907 

4- 907 

5'S74 


Liquid. 


0*7011 

0*7069 

0*7057 

0*7247 

07413 

0.7574 


It may further be remarked, iii illustration of the persistence 
of tlu' original mol(‘eular arrangement of the component groups of 
tbes(‘ compound bodies, that Wurtz finds that amyl preserves its 
rotatory action on a ray of polarized light when it passes into 
these compounds, ethyl-amyl displaying the power of rotating a 
polarized } ay to the right ; whilst amylcne, valeric acid, and other 
derivatives of amylic alcohol, in which there is reason to suppose 
that the molecule of amyl is dt'stroyed, exert no rotatory power, 
(1023) Etkyl (C^llg, C Jl;,} , Sp.gr, of gas 2*046. — When a 
mixture of granulated zinc and iodide of ethyl is sealed up in a strong 
glass tube from which air has been exhausted, and exposed for two 
hours in an oil bath to a temjicrature of 300°, the iodide of ethyl 
is gradually decomposed ; the sides of the tube become coated with 
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a white crystalline substance, and a colourless mobile liquid, equal 
ill bulk to about half that of the iodide of ethyl employed, is 
formed. This liquid is a mixture of ethyl, with other hydrocar- 
bons (olefiant gas, and hydridci of ethyl, the product of a secondary 
decomposition), the hydrocarbons having been liqu^*fied bj^the 
pressure of their own vapour, whilst the crystals consist of a com- 
pound of zinc-ethyl (Ctl 1 -, Zn) yith iodide of zinc. On breaking 
ofi‘ the caihllaiy extremity of the tube under water, tlie wdiolc of 
tlie licpiid portion rajiidly disap|)ears, and csca[)(*s®in the gaseous 
form, lly collecting the portions Avhieh pass off last, tin' ethyl, whi«h 
is tlie least volatile of tlu'se gases, is obtaiiu'd nearly in a state of 
purity (Frankland, Quar/. Journ, Chnn. She. ii. 281). 

Jhhyl is a colourless gas with a slight ('thereal smell ; it burns 
with a highly luminous Ihunc. At a t(uni)eraturc* of it remai’^ 
gaseous under the ordinary atmospheric pressure, but it liecomes 
liquefied at 38°, under a pressure of 2^ atmospheres, hrankhind 
estimates its boiling point at about. — t/, when the barometer stands 
at 30 inches. P]thyl is ilisoluble in water, but freely.soluble in alco- 
hol, which dissolves about 18 limes its bulk of the gas, and gives it 
off when diluted with wateif Cldorine has no action upon etliyl 
in the dark, but in diffused light it immediately combines with it 
and forms a colourless li(|uid. 

2. Methyl iF* g.ii«<'ous body which 

burns with a bluish feeldy luminous flame ; it is not liquefied by 
a cold of o'’ F. Methyl is obtained by aiding upon iodide of methyl 
with zinc, exactly in the manner directed for the jircjiaration of 
ethyl. When mixed with*twdc(5 its bulk of chloihie in the dark, 
and afterwards brought into diffused daylight, no change of volume 
takes place, but a mixture of 2 volumes of hydroehloric acid, and 
1 volume of a chloriuatcHl compound, CyH^jCl, is formed. 

3. Tetryl, Butyl, or Valy! Sp.yr. of liquid 0*7057 

at 32° ; of vapour 4*070. — 'Bins compound is one of the products 
obtained during tbe electrolysis of the valerate of potash. It 
may also be prepared by the action of sodium upon iodide of tetryl, 
ill a flask connected with a vertical condenser, so arranged that the 
volatilized products shall return constantly into the flask as fast as 
they are volatilized and condensed. When the reaction has termi- 
nated, the tetryl may be distilled off by a temperature not exceed- 
ing 300^ Tetryl boils at 222^*8. 

4. Amyl (CioHn, CioHn); Bp, gr, at 32^0*7413; of vapour 4*8gg. 
— Frankland obtained this hydrocarbon by heating iodide of amyl 
with an amalgam of zinc in sealed tubes for some hours to a tem- 

o 2 
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j)eruture of from ] " io 360*. It may also be procured by the 
(b:(-trol\>ii« uF caproate of potash, or still more easily as advised by 
W urtz, bv tljc action of sodium on iodide of amyl. It is a colour- 
less liquid, boils at 311^, and has a somewhat aromatic odour. 

It exi'rts a right-handed rotatory action on a ray of polarized light, 
thi) (legr(‘(‘ of wliieb ap])cars to vary in different specimens, being 
coiiiH'cU’d with the ])ower exerteih by that of the fousel oil from 
whieli th(' I’adif^le was pr(‘])arcd, some samples of fousel oil haying 
a great(‘r r()tatot*y power than others. 

. 5. Uexnfl, or raproyl (Ci2^^i3> ^121^13) obtained by the 

voltaic deconiposition of frnanthylate of potjish. It is a liquid of 
an agrecMble aronnitie odour; its boiling ])oint is about 395°. 

(1024) DouisLh IlvDHocAHuoN llADici.es. — EthyUtdri/l 
^ (i ll.)), (jr. of rKfuld at 32®, o’.yoi 1 ; of tui pour 3*053. — Tliis 
compound was o])taiued by d(‘com])osiug a mixture of 40 parts of 
iodide of tetryl, and 34 of iodide of ethyl, with 1 1 of sodiuni, in the 
manner aliH^ady described for pr.ocuring tetryl : by distillation of 
tli(‘ product, cojhicti ug that whi(*h i)asses Over between 140° and 
and again n'ctifying it, a inhbile licpiid is obtained, the 
boiling point ofwhicli when ])ure is fixed at 143^*6. Jly a similar 
method, employing niixtun's of lluMani’csponding hydriodic ethers, 
j\r. AVurtz sncc('(‘ded in obtaining oflua* analogous compounds, which 
arc eiiunuTat('d in thi' table, pag(‘ J94. 

(e) Ihidrorarhous lioiaohujous wHli Marsh Gas 

(1025) W'licn tlu^ liydriodic ethers arc submitted to the action 
of ziiK! at a high tcnqxTature, other li^>«droearbons arc formed in 
addition to the radicles already described; the alcohol radicle 
itself undergoing a si'condary decomposition into twH) liydrocar- 
hons, which arc coinj dement ary to i acli other. Ethyl, for example, 
breaks uj) into ohdiant gas and hydride of etliyJ ; and amyl, in like 
inaunc), yields hydride of amyl, and a corresponding hydrocarbon: — 

1 lliyl. Ih'Uridi* of Ktliyl. Olefiant Gas, 

If. , Ch Ih, becoming II. , II 4 - C4 H4 ; and 

Hydride of Amyl. Amylene. 

f'lulliP f'lollij becoming C,„11„,H -f- 

The hydrocarbons of this class arc not absorbed by anhydrous 
sulphuric acid or by oil of vitriol, and are not acted upon by 
cldorine or by iodine in the diu’k, but in diffused daylight chlorine 
slowly gives rise to substitution compounds. Percliloride of anti- 
mony is wdtliout action upon them. 

These hydfocarbons may also be formed by the regulated action 
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of water upon tlic metallic compounds of zinc with the alcohol 
radicles. Thus : — 

Mai»h Gas, or 

Zinc Methyl. Hydride of Methyl. 

cfiijTZa + no = cflWI + ZnO 

Zinc Ethyl. Hydride of Ethyl. 

c.TilTzn + no ri: + ZuO 

Ziuc‘^\niyl. • Hydride of Amyl. 

+ no = (Vi^ . + 

Each of the liydi’ocarbons of this group, with tlic exception of 
inarsli gas, is isomeric with one of tin* group of alcohol radicles^ 
although not identical wdth it ; for example : — 

C\. JT^ C. IT,, TI* Marsli Gas 

Moiliyl . . . r..n,, ColT,* = c; II, = C] li; , ll* llydriae of Ethyl 

Motliyl-cilivl . CJK GJl', = CV Hm = 0, 111, IT iTydrldt* of Trif‘i 

Kiliyf . ." . = OJl.o = 0, ll.i. llydrideofTotiyi 

Metliyl-tetryl 0,11’, = H* Hydride of An y I 

Those compounds marked with aii asterisk have been alr(‘ady pre- 
pared, and the others itnght be easily procured, if needed. 

(1026) I. Ht/dride of Mcflnj/ ; — Tliis eompouiid 

has already been described Hiuha* the name ol‘ ufarsh f/as (401). 

2. lltfdridc of Ethyl ((Ijll-, 11 ); Sp. r//*. 1*075. — com- 
pound is a pei iaanent gas, d(*st*tute of snudl or taste. Jt is in- 
soluble ill water, but alcoliol takes u]) more than its own bulk of 
it. The best nuiiiiier of preparing it consists in detjomposiiig a 
mixture of etpial parts of water and iodide; of ethyl, by means of 
zinc, ill a sealed tube, at a temp(*rature oi* aliout 330^, as already 
described wIkmi sp(;aking of etliyl (1023). After llie lajisc of a 
conj)le of Ikaii's, tin; tube is opoiu'd niider water, find the gas 
esca])es with great violence. It may" also be obtain(;d ))\" decom- 
posing hydroeyauic ether with potassium. The potassium is 
j)hiced in a flask, fitted w ith a coed - .ser, and a bent tube for carry- 
ing off the gas as it is disengaged ; the ether is allowed to ‘ 
fall, drop by dro]), upon the potassium, whilst the gas which is 
disengaged is collected over water. Cyanide of potassium and 
eyanethiiic (997) remain in the retort, ami hydride of ethyl is 
obtained in the gaseous state. 

3. Hydruk of ietryl II) is one of the products of the 

decomposition of tetrylic alcohol wdien distilled with chloride of 
zinc. It is liquefiable at a few degrees below 32^. 

4. Hydride of Sp, gr. of liquid 0'6yfi; of vapour 

2*5. — This body w as obtained by Frankland by acting on equal bulks 
of iodide of amyl and water^ by means of zinc in a -sealed tube, at 
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a tompcnitore not f 300®. Frankland considers* it probable 

that it is iiU niical with Eupmnr, wliicli Heiclienl)ach obtained during 
th(^ m;tilication of tlic [)roducts from wood-tar; and he also thinks 
that it constitutes one of th(j condensible hydrocarbons of coal gas, 
a view which has ])(^(;u strengthened by the subsequent experiments 
of (ihiviJh^ Williams. 

Hydride of amyl is a volatile, mobile, colourless liquid, with 
an odour r(‘scml)ling that of cldoroform. It has a smaller density 
tlian any other IfnovVn liquid; it remains unfrozen at — 11°, and 
1)0,1 Is at S6°. Its vapour burns with a brilliant white flame, 
witliout smoke. 

§ YII. Our. AN I c Hases derived from the Alcohols. 

(1027) oh/ (lined hy Su/js/itu Hon from. Ammonia , — Allusion 

has been alrcatly made (1022) to tlui remarkable manner in whieli 
the hydrogen in ammonia may be displaced by the hydrocarbons 
which arc siipjioscd to form the l•a(licl(‘s of th(i alcohols; and in 
consiHjuence of Ibis kind of substitution, compounds arc produced 
in which the basic character of the amimuiia is fully preserved, 
and a new sciies of liiglily interesting bodies is obtained. The 
first bjiscs of this dcscriplion were proiMinnl by AVurtz, who found 
that wIk’u the cyanic ether, or its j)olynierido, tln^ cyanuric ether 
of any ol’ tlu^ alcohols, or the corn'sponding urea (1007), w^as dis- 
till(?d with hydrate of potasli, a volatih; bas(' was obtained homolo- 
gous with ammonia, luit containing tlu' radicle of the alcohol corre- 
sj)onding to the compound subjected to distillation ; for example, 

MeUiylia. Carb, Potanh. 

CJI/), r.NO + 2 (Ko, IKM = I JS + 2(E.o, CO2). 

M I iliyl-iii'cn. Molliylia. 

,n;,t N + 21 KO, IIO) = N + n.N + 2(K0, COj). 

llotmann {Phil, Trans. ^ ^ shortly afterwards that these 

bases may a.h^o be produced directly from ammonia, by acting 
upon this alkali by means of the hydriodic, or the hydrobromic 
ethers of the dillerent alcohols. ilc obtained this result by 
enclosing, in a long scaled tu!)e, a mixture of a concentrated 
alcoholic solution of ammonia, and the bromide, or the iodide 
derived from the alcohol whieli }k‘ wished to examine. When this 
mixture was heated for soim? liours in a water-bath, combination 
occurred, and an iodide, or bromide, of the new base was formed. 
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Thus^ when iodide of ethyl is made to act upon a solution of 
ammonia^ the following change occurs : — 

Ammonia. Iodide of Ethyl. Hydriodnte of Elhylia. 

+ cjr,i = j N. HI. 

Wlien the result of this reaction is distilled with hydrate of*])ot- 
ash, ethylia is liberated, and iocycle of potassium is formed. Now, 
if ethylia be submitted in a sealed tube to a fresh portion of 
iodide of ethyl, a second etiuivalent of hydrogen %vill be removed, 
and an additional etiuivalent of ethyl will be substituted for ^t, 
whilst the hydriodate of a new base (diethylia) is formed : — 

Ethylia. lod id*' of Ethyl. llydrindjito of T>i» thylia. 

^ 'Ih i ^ + c.11,1 = |n, HI; 

and if the hydriodate of diethylia be sidimitted to distillr^^ion 
with hydrate of iiotash, diethylia its(‘lf will be liberated. This 
liase may in it:? turn b(‘ tri'att'd with a iresli portion of iodide of 
ethyl, and so the third etjnivahait of hydrogen may be displaced 
by a third ctpiivalent of (^Ubyl, yielding a salt whitdi, vvlnm dis- 
tilled Avith potasli, furnishes a tlurd base, triethylia 3 (C^,,llr,)N. 

Eacdi of the ahvihols may b^" made to fnrnisb bases (^orresjiond- 
ing to ('aeh of the fort'going ethyl bases; thus, by similar methods, 
a mixture of iodide of nudhyl and ainnionia (‘an (easily be made to 
yi('ld methylia, diuujtliylia, and trinu'lhylia ; and from iodide of 
amyl, amyJia, (liamylia, and triaiiiy lia, may b(^ formed. These basc^s 
are all homologous with annuouia, which they closely j'(‘semble in 
])roj)crties. Ibit the action of iodide of ethyl doc^s not sto]) even 
herci, for it is jiossibhy by its means, to obtain a fourth S(Ti(‘s of 
bases lioniologons with tin* liypothetical body aminoninm. (Hof- 
mann, Phil. Triuia., for ('xarnph^, a (piantity of trietliylia 

be heatcul in a tnl/e with an additional dose of iodide of ethyl, the^ 
two bodies enter into eoinbuiation, and a compound, 4 (C/^llr,) N, I, 
analogous to iodide of ammonium (11,,N, 1), is formed; all the 4 
equivalents of liydrogen in the ammonium having been (lispla(3cd 
by cfliyl : — 

Tri<'tliylia. loflidp of’ Ethyl. Iodide of Totretliylinni. 

The iodide thus obtained is a crystalline substance. It is not 
possible to obraju the base tctretbylinm, 4 (C4lIr,)N, in a separate 
form ; since, like ainmoiiiuin, it iminediately undergoes decompo- 
sition; but if the iodide be treated with freshly precipitated oxide 



200 * 


OROANIC W\8ES DEBIVED FROM THE AECOHOtS. 


of silver, double decon>po«itiuii ensues, iodide of silver is formed, 
and the hjdmUtd o.nde of tctretliylium is liberated : — 


lotJiile* ofTt'tn'lhy lium. 


Hydrated Oxide of Totrethylium, 


4(CJIJN,i + AtjO, iro = Agl -f- O, HQ, 

It might iuvvc l)0(‘u anticipated tliat_, under these circumstances, 
tetrAliyliurn shoultl have been resolved into triethylia and alcohol, 
just as ammonium becomcis broken up into ammonia and water 
wJien siniilai’ly tnjated ; thus, since 


JT,NI + AgO, no yields Agl -f 


• Iodide t)f 
'IVlrotlivlitiTn. 


-f- HyN ; SO also 

ileohol. Triethylia. 


4(CJJ,)NI + AsO, no should become Agl + ^ O, + ; 


but such is not the case ; the new compound is very stable, and 
'on evaporation of the solution, the hydrate of the new base 
may be obtained in crystals, wbicli, like those of hydrate of 
potash, absorb water and carbonic acid from tlie atmosphere, and 
possess the caustic atdion of potash, (‘ombined with a l)itter taste 
like that of qiunia. This base foriMs the ty|)c of a numerous 
class, wliieli are analogous to it botli'‘in eomjiositioii and in pro- 
perties. Hydrated oxide of tetrr^livliiim, in common with many 
others ]ik(^ it, such as tlie hydi’flb'd oxide of tctramethyliiim 
(4 (C^llJNO, 110 ), is sullieiently powerful to saponify the oils 
and to precipitate tlie metallic oxides from their salts, just as 
potash docs. It forms crystallizablc salts. These bases differ in a 
marked manner from sneli bases as etbvlia, dictliylia, and triethylia, 
all of wdiicb, like ammonia, are volatile without decornjiositioii. The 
liydratcd oxide of tf'tretbylium, and others which resemble it, how- 
ever, cannot be volatilized without undergoing decomposition, in 
which ease they are converted into water, a hydrocarbon homologous 
with oleliaut gas, and a volatile alkali corresponding to triethylia: — 

llydrutotl ,, 

Oxitlo *..i' OlfUant Gas. Triethylia. 

NO, UO = 2 110 + 

Ammonia is tlms ca])able of originating two classes of buses, one 
set being volatile, and corresj)onding in properties to ammonia 
itself ; the other set fixed, ri'sembling hydrate of potash in pro- 
perties, and corresponding to hydrated oxide of ammonium. 

If phenylia ((.'jaHs, H2N),(>r aniline, as it is commonly termed, 
be employed instead of ammonia, a corresponding series of bases 
may be obtained from it, in which the two equivalents of hydrogen 
may be successively displaced by one of the alcohol radicles ; and 
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finally, the compound may be converted into an ammonium base 
by the action of another equivalent of iodide of ethyl ; tlms 


aniline (or phenvlia) H y N, becomes, 

H J 


when treated witli 


C12H5 

iodide of ethyl, sueccssiveh^, i. ethvl-phenylia C4 II5 

II 


N; 


i. dicthyl-phcnvlia Cj, Hr C N ; 3. and finally, hydrated oxide, of 

cji.;) 

triethylphcnylium 

T)r. Hofmann, in the further investigation of this remarkable 
method of ])r(*pai*ing artificial ])ases, found that each of the three 
(•([uivak'uts of hydrogfiii in ammonia miglit ])c^ displaced by a 
difierent alcohol radicle. Thus it was possible to obtain, first, 
methylia, by the action of ^fjdide of metliyl upon ammonia; then 
by acting upon mclliylia witli iodide of ethyl, the compound 
methyl-ethylia (corrcNsponding fo dicthylia) was formed, 

CAU) lodi.wnahyi. |.j 

“ii In -f 0,11,1 = C4H4N, HI; 

H J 11 j 

and on distilling this hydriodate of methyl-ethylia witli liydrate of 
potash, the new base was lib('rat(‘d. Now, if mcthyl-etliylia were 
treated with iodide of amyl, a compound correspoiiiling to tri- 
cthvlia was formed, but containing, in tlu; place of the three cfpii- 
valents of ethyl, 3 difierent aleohol radicles, tlius : — 


llvtlriodjifr .ff 




N, HI -p 


I«»dl<ic“ ul 
All' n. 




n vdriodfilci of 
W»l!iyl('thyUimiylia. 


c. ir., 

l(»ll II 


N, HI. 


Ilofmami has even succeeded in obtaining au ammonium base, 
derived from aniline, coutainiiig 4 different hydrocarbon radicles, 
and to which the unwieldy name of hydrated oxide of methyh 
ethyl-ainylo-phenylium must be assigned ; — 

C'i H3 

C,<,Hii 


N, O, HO = CagHa^NO, HO. 
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It, of course, will not be overlooked that if the ordinary salts 
of ammonia are considered to be compounds of ammonium, the 
salts of all the bases derived from ammonia ought to be considered 
from the same point of view : — If hydriodate of ammonia be re- 
garded as iodide of ammoniara, hydriodate of etl^^ja should be 
iodiefe of etljyliinn, and the composition and nomenclature of the 
ethyl bases would be simjdy traij^latcd thus ; no hydriodates of 
the amnionium bases are known : — 


Ilydriodato o? Ethyliji. 
II vdri<Mlat.« oC Dictliylia. 

Ti'c.u,) II, iN\ in 

Hydriodato oJ' Trltdliylin. 

H ydriodalf* of 
0.\id«- (d' I'l'lnMhyliuJn. 


lodido of T0tli3dium, 

'“(Tyi.rilaN, l' 

lodido of Dictliylium. 

7 (c;iiy"H,N, i' 

lodido of Triclliylium. 

lodido of TctrothyliuTTi. 


In this work, however, for tlu^ sKke of marking the distine- 
tiou betwe^en the volatile and the fixed ‘bases, tlui t(‘i’inination ium 
ivill be reservtul for such liases as arc ibnned n})oii tlie type of 
oxide of aininonimn. 

An im[)ortaiit eircnimstaiiee, in relation to the molecular 
constitution of aiuinonia, was (dieited in the course of these in- 
vestigations. Jjet the thiee equivalents of hydrogen in ammonia 

he represeiited hy the letters 4, li and //; and let II V N = ain- 

H ) 

inonia : — it might be? supposed tliat the throe different equivalents 
of hydrogen //, Ji, and //, iii the molecule of ammonia, might each 
have a ditienmt fnnetion to perform in the alkaline group. Sup- 
poses, then, tluit a dendvative! base were formed, in which the 
equivalent of li^clrogen k wei’c replaced hv a radicle called X, 

' X, 

forming a new base 11 VN ; the other equivalents of hydrogen, 11 

I/J 

and jy, admit of being displaced ivsjieetively by other radicles, Y and 
Z. Suppose, for example, that X represe'nts phenyl (C 12 H 6 ), Y, amyl, 
and Z, ethyl ; the question is, u]i‘ tiier the same compound will be 
formed indifferently when amyl is substituted for H, and ethyl for 
//, or when ethyl supplies the place of JI, and amyl of //. Whether, 
in fact, there will be any perceptible difference if the compound be 
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X 

obtained in the form of Y ; or of Z 
ZJ Y 



To decide this point 


Dr. Hofmann carefully compared the properties of amyl-cthylo- 
phenylia (Cg^-|gN), prepared by acting upon aniylb-phcnylia 

C2,)Iiii by bromide of etli^d (C^II^Br), which would yield 

H 3 

CrJh) ' C2J-I5] 

C20TI12 r with the compound ethyl-anivlo-phcnylia C4 H5 

C4IT53 ‘ ^ C.oHu) 

C.JIO 

formed by decomposing ctbylo-phenylia C,2, 11.5 \ N, with bromide of 

II 3 

amyl (Ci^TljiBr) ; but the two sn])stances comported themselves 
alike in all respects. The two bodies thus obtained are^ therefore, 
not only isomeric;, but identical, and the functions of the two 
equivalents of liydrogeu II and II in ammonia must be similar. 
The case, howcN cr, is veiy c/ifrerent if alkalies be comj)ared toge- 
ther which have tlie same empirical formuhe, but which have been 
pi'oduced by tlie sii])stitution of dissimilar alcohol radicles. 

In order to render this evident, it will be n(;cessary to allude 
to a series of bases obtained by a totally diHei'cnt method. The 
rcsearclics of clnanists have gradually ])roved the existence of a 
series of hydrocarbons wlii^th are liomologons with benzole 
and each of these livdrocarbons when trcat(;d first with nitric acid 
and subsequently by hydrosulphatc of ammonia, or some other 
suitable reducing agent, has yieldi‘d its corres|)onding l)asc, so that 
we are now in possession of the following hydrocarbons and their 
deri\ ed bases : — 


11 juroc*uruun« j i 

I. Benzole. . . . 


2. Toluolc .... 

CmH, 

3- Xylole .... 

10 

4. Cumole .... 


5. Cymole 



Ease (CJT„_,N) 


1. Aiiilme .... eVH^N 

2. Tuhikline . . . Cjtlh, N 

a.Xylidine . . . Ch,H;,N 

4. Cuiiiidino . . . 

Cymidiue . . . 


Toluidine has the same composition as methylaniline ; xyli- 
dine as cthylaniline, and cumidine as mcthylethylaniline. These 
pairs of substances arc, however, only mctamcrie, they arc not iden- 
tical. Toluidine is a fusible crystalline solid, which boils at 388'’, 
and yields stable, sparingly soluble salts, with most of the acids, 
including a beautiful crystallizable double salt with chloride of 
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platinum. IVittliylaniiinc is an oily liquid which hoils at 377®; 
wliilc its salts arc distinguished by their solubility and the facility 
Mitli which they arc decomposed; aniline being reproduced; its 
platinum salt is of a pale yellow colour, and begins to blacken 
almost inim’odiatcly affc(‘r its formation : whilst ta^Wine does not 
yield aniline under any known circumstances. Tne properties of 
curnidine and cthylauiliiie thougli^)oth are liquid at ordinary tem- 
peratures are not less distinct. Again, it IkS possible to introduce 
an equivalent of ethyl into toluidine; one of the equivalents of 
hydrogen which this base contains being readily eliminated when 
tlie alkali is treated with iodide of ethyl. The ethylo-toluidinc 
tlms obtained is a third alkali isomeric or mctameric with cumi- 
dinc, yet possessed of propertic^s quite distinct from it. Thus it is 
ejiidcnt that three (lifferent alkaloids are already knowui, all of 
which possess the empirical formida Ci^lIj^N ; and there is no 
doubt that besides these, three other bases each having the same 
empirical formula, and the same combining e(|uivalcut could readily 
be obtained; yet each of these new' bases Avould ddfer in constitu- 
tion from tlie foregoing bas(^s and Irom each other ; they would 
also prol)ably be found mutually to differ in proj)ertics. The first 
of these new bases (nudhylo-xylidine) might be formed by insert- 
ing an equivalent of methyl into xylidine ; the second (dim(ithylo- 
toluidine) would be formed by sidistituting 2 equivalents of metbyl 
in toliiidinc for 2 equivalents of hydrogen ; the third, trityl-anilinc, 
vronld be obtained ])y combining trityl (C^jll-), tlie radicle of 
tritylic alcohol (CjjlIyO, HO), with aniline. The six bases meta- 
incric with eiimidine wa)uld, tlierelore, have the composition which 
is represented in the following table: — 


Jinow7i bases. 
Ciimidiuc. 

II ( 


C..U, 


H 

Methyl-otljyl-aniliiip. 





liases not yd formed. 
Mcthylo-xylidi uc. 



a II 3 
“ii 

PiincllnJo-loluidint’. 



The manner in which tolu'dinc and other bases not derived 
from the alcohols admit of being attacked by the hydriodic and 
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Iiydrobromic ethers shows that the action of these ethers vipoii tlu^ 
different bases affords a most important means of examining and 
dissecting these various compounds ; and it has been found to be 
applicable to organic bases both of natural and artificial origin. 
Within the few years tliat have elapsed since Dr. Hofmann iirst 
showed the applicability of these reagents to this purpose, exten- 
sive use has already been made o^ them in such examinations. 

(J028) Hofmann’s Classification of Organic Bases. — Hofmann 
has proposed to classify the various new bases wlyeh may be pro- 
duced by these methods of substitution, under the heads of amldo- 
gen, irnidogen, nitrile, and ammonium bases. Amiclogcti hasc^s arc, 
those which may l)e regarded as still retaining 2 etpiivalents of the 
hydrogen of the original ammonia, one equivalent only of hydro- 
gen having been displaced by a hydrocarbon. In the irnidogen 
bases the substitution has proceeded a step further ; one equivalciii^ * 
of hydrogen of the original ammonia only being left ; whilst in 
the nitrile bases none of the hydrogen of the ammonia remains. 
In the ammonium base* a fourth equivalent of a hydrocarbon is 
superadded, and takes the place of the fourth equivalent theoreti- 
cally assigned to amnion infn. All the ammonium bases while 
separated from their salts contain at least one equivalent of water, 
and they arc therefore only known in the form of hydrates. . ^Jlic 
tabic on the following page will afford an illustration of the mode 
of classifying the diflerent bases upon this principle. 

There can be no doubt that in certain eases the vegetable alka- 
loids (1059) as they exist in the plant, are formed upon the type of 
ammonia ; though in the present state of our knowledge upon this 
subject we are far from Avarranted in drawing the general conclusion 
that such is their constitution in all instances. The two bases last 
mentioned in the table, viz.,coiiia and nicotia, arc the natural volatile 
alkalies contained respectively in hemlock and in tobacco. On treat- 
ing conia with iodide of mej:hyl, two compounds were formed, the 
simpler of Avhich mjiy be considered as a nitrile base, and the more 
complicated as an ammonium base ; conia itself being regarded 
as an irnidogen base in which the group (CigHn) has displaced 
% equivalents of hydrogen, and this view is indicated in the 
notation by the marks (") which follow the hydrocarbon. It 
is possible that this hydrocarbon may itself be composed of 
(C3H7) (Cyll;), so that each equivalent of hydrogen may have 
been displaced by the group (Cglly). Nicotia, on the other hand, 
must be regarded as a nitrile base, in which the 3 equivalents 
of hydrogen in ammonia have been displaced by the group (CiqH;), 
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which, therefore, as being equivalent in combining power to H3, is 
marked (C10H7)''''. There are various ways in which it is con- 
ceivable that this hydrocarbon may be composed, such as (C^llg, 

C3II2) or (Cilia, C4II2, C2H3), but there is no reason for 
preferring any one of tliese possible combinations, iior is ,thcre any 
proof that the compound (Ci()Il7) is to be considered as divisible into 
other hydrocarbons. Anderson and Gerhard t have each suggested 
that there may exist in organic Ifliscs and in otlier compounds more 
or less analogous to tliem, monobasic, dibasic, and tj’ibasic* hydrocar- 
bons, or rather hydrocarbons respectively equivalent to 11, II2, and 
II3, just as chemists liave long been in the habit of admitting the 
existence of monobasic, dibasic, and tribasic acids (460), requiring 
for saturation oxides containing M, M2, or (M representing 
liydrogen, or a metal). For the further prosecution of this subject 
the reader is referred to the papers of Anderson [Trans. Roy. 
Edlnhuryhj xxi. 231) j and Gerhardt and Chiozza [Ann. da Cliinricj 
111., xlvi. 167). 

(1029) Bases o/jtauied from phosphuretted, arseniuretted, aiid 
antimoniuretted hydrogen. — The first column of tlifc table of bases 
just given includes three siCibstauccs which do not possess basic 
properties, but which present the closest analogy in composition 
wdth ammonia j viz., phosphur»ttcd, arseniurettjed, and antimoniu- 
retted hydrogen. The latter has never been isolated in a state of 
sufficient purity to admit of a satisfactory analysis ; but there can 
be little doubt that it possesses the composition assigned to it in 
the table : since when the gas, diluted as it always is with hydro- 
gen, is transmitted through a solution of nitrate of silver, an 
antimonidc of silver having the composition AggSb is precipitated, 
and it would not be easy to account for the formation of this com- 
pound if the gas had any other composition : — 

3 (AgO, NO5) + H^Sb = 3 (HO, NO,) + Ag3Sb. 

Phosphuretted, arseniuretted, and antimoniuretted hydrogen may 
therefore be considered each to contain 3 equivalents of hydrogen, 
and one equivalent of their characteristic components; and they 
may be looked upon as analogues, or representatives of ammonia, in 
which the nitrogen has been displaced respectively by phosphorus, 
arsenic, and antimony. Widely as these three elements differ from 
nitrogen in their separate form, they yet exhibit a considerable 
analogy with it in their mode of entering into combination ; all 
three of them forming not only corresponding compounds with 
hydrogen, but, like nitrogen, all of them yield with oxygen 
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powerful arilk which contain 5 equivalents of oxygen ; the anhy- 


drides being respectively — 

Nitric anhydride . . . . NO5 

Pliosjdioric ..... PO5 

^ Arsenic ..... AsOg 

Antirnonic ..... SbOg. 


Ncitlicr arsciiiurcttcd nor antimoniiiretted hydrogen exhibits 
any basic properties^ and the only indication of basic power in the 
ease of phosjd hi retted hydi*ogeu consists in the formation of 
volatile crystalline bodies with hydrobroinic and hydriodic acids 
(376) j yet it has been shown by P. Thcnard [Comptes Rendns, 
xxi. 144, XXV. 892), that if the hydrogen of phosphuretted 
hydrogen he displaced by methyl or by ethyh powerful bases 
.y»ay be procured, formed upon the type of ammonia^ but con- 
taining phosphorus instead of nitrogen, and ethyl or methyl in 
the place of hydrogen. Hofmann and Cahours have recently 
investigated these compounds more minutely, and* have described 
a method by wdiieh they may be obtained with certainty. The 
process introduced by tlie chemists has,t named, for the preparation 
of these phosphorized bases consists in the action of terchloride 
of phosphorus (PCI3) upon zinc-methyl, zinc-ethyl, &c., when chlo- 
I'ide of zinc is formed, and the lu^w base is produced. These 
bases have a most offensive odour, and many of them wdicn mixed 
with atmos2)hcric aii', or oxygen, take tire, esjiecially if the tempera- 
ture be slightly raised. Put not only may idiosphorizc'd bases 
3 (CTl3)l^ 3 ((\i,H 5)P, 3(CjolJ|,jP, analogous to ammonia be 
formed, but by treating these new bases with iodide of ethyl, of 
methyl, or of amyl, iodides of ammonium-bases analogous to that 
of tetrethylium may be obtaim^d ; and by the action of oxide of 
silver upon tbese iodides, hydrates of the new ammohium-bases 
may be procured. Both arsenic and antimony form with ethyl 
and methyl, and the other alcohol radicles, compounds which com- 
bine with oxygen, and possess liasic properties as powerful as those 
of many of the metallic oxides (1037, J043). 

(1030) Methylia; methylamhie (C2H5N = C2H3, H^N), Sp. gr, 
of vapour i*o8. — This body is gaseous under ordinary circumstances, 
hnt may be condensed by a freezing mixture to a very mobile 
liquid, which is not solidified by exposure to a bath of solid ear- 
bonic acid and ether. It is colourless, and has an intensely 
pungent odour of ammonia, and an extremely powerful alkaline 
reaction, producing dense white fumes when exposed to the vapour 
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of hydrochloric acid ; but it is distinguished from ammonia by its 
ready inflammability ; it burns with a yellowish livid flame, and fur- 
nishes carbonic acid, water, and nitrogen, accompanied, if the supply 
of air be insuflicient, with traces of cyanogen or of hydrocyanic 
acid, Methylia is more soluble in water than any otlihr known 
gas ; at 55° water dissolves 1 1 50 times its bulk, forming a power- 
fully alkaline solution witli a vorj^ pungent amrnoniacal odour, and 
a strongly caustic action upon the skin ; w hen boiled the alkali is 
expelled in the gaseous form. Solution of Tnctliyli» acts upon solu- 
tions of the metallic salts, as ammonia would do, dissolving, the prp- 
cipitated oxides of zinc, silver, and copper ; in the latter case form- 
ing a deep blue liquid. The oxides of cadmium, of cobalt, and of 
nickel, arc prcci})itatcd by mctliylia, but arc not rcdissolvt'd by it. 

When methylia is passed through a porcelain tube heated 
redness, it is decomposed j hydrocyanate of ammonia, and a gaseous 
mixture of liydroeyanic acid, hydride of methyl, and free hydrogen 
being formed 

Molhylia. Ilydi^^cy. Awmon. Hydridf of Methyl. 

3~(Cj,ll5N) = ll3N, i^4:N-MIC,N + C^,ll3, 17-4-611. 

If potassium be heated in gaseous methylia, cyanide of potassium 
is formed, and hydrogen is libcftitcd ; (/2ri5N + K= K,C^N-i-5 II. 

Preparation . — ATethylia is readily obtained by distilling the 
carefully dried hydrochlorate of the base with twice its weight of 
quicklime. The operation shoidd be perfoi’incd in a long tube, the 
lower half of which is filled with the mixture, and the upper half 
with liydratc of potash, in order to dry the gas completely ; it juay 
he collected in jars over mereury. Ilydroehloratc of methylia is 
best obtained for this purpose by distilling eyamirate of methyl 
with hydrate of potash (1008), and saturating the distillate with 
hydrochloric acid ; the i*esi(lue when evaporatc'd to dryness may 
be dissolved in boiling absolute alcohol, from which on cooling it 
crystallizes in large iridescent foliated deliquescent crystals : at a 
temperature a little above 212° it fuses, and when heated in an 
open vessel it volatilizes in dense white clouds, Avhicli may be con- 
densed unchanged. This salt does not yield any amalgam similar 
to that of ammonium when decomposed by the voltaic battery in 
contact with mercury, nor when its concentrated solution is mixed 
with an amalgam of potassium. 

Most of the salts of methylia are very soluble in water. Its hy- 
drochlorate forms with bichloride of platinum a soluble compound, 
crystallizing in golden yellow scales, which are insoluble in alcohol. 

PART 111. P 
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Trirndhylla (CejH9N=3 C2H3, N). — This alkali> which is iso- 
meric with tritylia (C(jH7, II2N), is found in considerable quan- 
tity in the roe of herrings. It has an extremely powerful and 
di8agreeal)le fishy odour. It is also obtained by distilling ergot of 
rye with hydrate of potash; and it imparts to the chempodium 
vulvaria its peculiar odour. Trimcthylia is a very volatile liquid, 
which boils at about 41°, and eqaits an inflammable vapour very 
soluble in water. Iodide of methyl immediately converts this base 
into a magma Of crystals of iodide of tetramethyliura. 

, Tetramethylium, — The iodide of this base is the principal pro- 
duct formed by heating iodide of methyl in cxeess with a solution 
of ammonia in wood spirit or in alcohol. Since the iodide of tetra- 
mcthyliiim is sparingly soluble in cold water, it may be purified 
^Y^rom the accompanying hydriodates of methylia, dimethylia, and tri- 
methylia, by crystallization from boiling water. When treated with 
recently preeijntated oxide of silver, iodide of silver is formed, and 
a hydrated oxide of tctrarncthyliurn (4 (CgH.^) NQ, 110 ) remains 
in solution ; it ^ may be obtained by evaporation in vacuo ^ over 
sulphuric acid, in crystals which arc deliquescent, and attract car- 
bonic acid. Its salts crystallize wx'!!," particularly the nitrate, 
which forms long brilliant needles. The double chloride of 
platinum and tetrarncthylium (Cyllj^NCl, PtCI^), crystallizes in 
dark orange. coloured magnificent oetohedra. 

When the hydrated oxide of tetrarncthylium is treated with an 
additional quantity of iodide of methyl, no i’urthcr combination of 
methyl with the base occurs ; but double decomj)Osition ensues, 
iodide W tetrarncthylium is formed, and wood spirit liberated : — 

Oxide of Tetramptliylium. Iodide of Methyl. Wood S}>int. Iodide of Tetramethylitim. 

4 (C^HarNO, HO + C^^I = C^.oTnO 4 

(1031) Etiiylia, Ethylamine HgN), Sp.yr,of 

liguid of vapour 1*594. — This base constitutes a very mobile 

colourless liquid, which boils at 65°*6 F. emitting an inflammable 
vapour of a pungent amrnoniacal odour. It is miscible with 
water in all proportions, but by prolonged boiling the whole of the 
etiiylia may be expelled. Ethylia produces results with solutions 
of metallic salts exactly similar to those of methylia, from which, 
however, it may be distinguished by the power posscised by 
etiiylia of dissolving recently precipitated alumina. Wurtz has 
proposed to take advantage of this property as a means of sepa- 
rating alumina from oxide of iron, in the operations of analysis. 
Ethylia displaces ammonia from its salts if evaporated with 
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them. It yields dense white fumes with vapours of hydrocldoric 
acid. 

Ethylia may he prepared in a manner similar to that directed 
for methylia, by acting upon cyanic or cyanuric ether with hydrate 
of potash. It may also be obtained by acting upon iodidfe of ethyl 
with ammonia, in which case hydriodate of ethylia is formed ; or by 
heating a mixture of ether with ^muriate of ammonia in a sealed 
tube (Hofmann). The salts of ethylia do not generally crystallize 
with facility ; they arc soluble in water and in alcohol. The 
hydrochlorate forms colourless plates, which are fusible at i 6 ^. 
The sulphate is deliquescent, and since it is soluble in alcohol it 
may readily be separated from sulphate of ammonia, which is inso- 
luble in this menstruum. The double salt with bichloride of 
platinum (C4H7N, llCl, PtClg) crystallizes in yellow octohedra. ^ 

Diethylia (Cj^H,,N = 2 C4H5, HN), is a colourless, volatile, 
inflammable liquid, powerfully alkaline, and very caustic. It boils 
at 1 34°*6. It piay be obtained by treating ethylia with iodide of 
ethyl in the manner already described (1027). 

Triethylia (C,2Hi6N = 3 C4II5, N) is also a soluble, volatile, 
and powcrftii base, wlqcWfoimis a beautiful orange doid)lc salt with 
bichloride of platinum, crystallizing in large rhombic tables 
[3 (C.tHg) N, IlCl, PtCy. Triethylia may be obtained from tlie 
foregoing base by the action of iodide of ethyl upon it. The salts 
of tetrethylium arc procured by continuing tlie action of iodide of 
ethyl upon triethylia. 

The hydrated oxide of letretlvyVmm is a powerful base, perfectly 
analogous to the corresponding compound of tetramethyliura. It 
may be obtained in solution l^y treating the iodide of tetrethylium 
with oxide of silver. If this solution be allowed to evaporate in 
vacuo over sulphuric acid, the base forms long hair-like needles, 
which are very deliquescent, and absorb carbonic acid with great 
avidity. A strong solution of the base may be boiled without 
undergoing decomposition, but if evaporated to dryness over the 
water bath it becomes decomposed as soon as the water is nearly 
all expelled. A solution of the base acts powerfully upon the 
cuticle, and it saponifies the fats as readily as potash, forming soft 
soaps. The oxide of tetrethylium is not liberated from its iodide 
by the action of potash ; on adding a solution of potash to one of 
the iodide of the base, a crystalline mass of the pure iodide of tetre- 
thylium is separated, as it is less soluble in alkaline liquids than in 
pure •^ater : even when boiled with the concentrated solution 
of potash for some hours, no decomposition is effected; but 

p 2 
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it is decomposed with facility by the salts of silver, or by the 
freshly precipitated oxide of silver. Analogous reactions with 
potash and oxide of silver are found to occur with a large number 
of other ammonium bases. 

, Bases derived from other Alcohols* 

(1032) Tritylia or propylarhip,e (C6H7n2N), is isomeric with 
trimethylia ; it is one of the bases obtained by Anderson during the 
destructive distillation of bones; and the same chemist has like- 
wise procured from this liquid another base, which he termed 
petinine, but which corresponds to tetrylia or butyria (CytlQ, H2N), 
the alkali of tetrylic alcohol ; both these bases arc volatile liquids. 

A scries of bases corresponding to those from mcthylic and 
^ctliylic alcohols, has also been obtained from fouscl oil. Their basic 
powers are smaller than those of the ethyl and methyl series, and 
they present no particular points of interest. Amylia (CioHnIfgN) 
is a very light colourless liquid which boils at 203° F., and is of 
sp. gr. 07 50. Its salts crystallize readily. 

The ahiohol from castor oil (octylic alcohol) also yields a well- 
marked base, octylia or caprylia ; and even the 

alcohol of palmitic acid, cilial, has been made to yield a compound 
ammonia in which all the three equivalents of hydrogen have 
given place to the hydrocarbon of ethal, thus forming triceiylia 
3 wdiich crystallizes in white fusible needles, freely 

soluble in boiling alcohol. Its salts arc not soluble in water, but 
they crystiallize readily from boiling alcohol and from ether. 

§ VI 11. Metallic Derta^atives or the Alcohols. 

(1033) It has been already stat(‘d (986-7), that when sodium 
or potassium is made to act upon one of the alcohols, hydrogen is 
elimii Kited, and a compound is formed, which presents a certain 
analogy with the ordinary salts of sodium or of potassium; if we 
compare the action of sodium upOn alcohol, and upon menohy- 
drated acetic acid, the results of the reaction may be thus repre- 
sented : — 


Alcohol. 



Sodium Alcohol. 



o^hT lo. 

4- 

Na 

= "ITjo, 


H 

Aoetic Acid. 



Acetate of Soda. 



c'|a|o. 

"f 


"■ Na j ^2 

4- 

H 


We have seen that when such compounds are acted upon by 
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the ethers of the hydracids, either simple or double ethers are 
formed from them by a process of substitution or double decom- 
position : — 

Iodide of Ethyl. Ether. Iodide of Sodium. 

+ C.HJ, becoming + Nal. 

Within the last few years, however, a series of compounds has 
been obtained in which a metallic element enters still more inti- 
mately into the composition of the base of the alcohol. The first 
substance of this class that was carefully investigated was kakodyl 
(C4lI(.As) ; and this body was shown by tlie masterly researches of 
Ikinscri, to perform the part of a compound metal. At Bunsen^s 
instigation, Frankland undertook a series of researches, which led 
to the discovery of a number of new bodies more or less analogous 
to kakodyl, and the field thus opened has since been successiully 
cultivated by many distinguished chemists. These investigations 
have led to the discovery of a number of metallic substitution 
derivatives of alcoliol wdiich are more or less closely allied to 
the compound ammonias. These bodies, however, are not all 
formed upon the type ofi?am\nonia. In some instances a single 
equivalent of the metal is combined with an equivalent of the 
alcohol radicle, whilst in others 2*equivalcnts of the alcohol radicle, 
in others 3 equivalents, and in some even 4 equivalents of the 
alcohol radicle, are combined with i equivalent of the metal. 

The most probable explanation of the mode in which these 
compounds arc formed, is that suggested by Frankland {Phil, 
Trans., 1832, 440), who regards them as derivatives from the 
inorganic compounds of the various metals : and he considers that 
the number of equivalents of the alcohol radicles which combine 
with any given metal, is regulated by the proportion in which that 
metal tends to combine with the elements, hydrogen, sulphur, 
oxygen, &c. For example zinc forms compounds which corre- 
spond in composition to the oxide of zinc ; and since zinc forms 
only a single oxide, the ethyl, and other alcohol derivatives of zinc, 
contain but a single equivalent of the alcohol radicle : — 


Oxide of Zinc 
(ZnO). 


Zinc-methyl 

Zinc-ethyl 

Zinc-amyl 


Zn (Co H, ) 

zn (c;h;) 

(^loBu) 


The tendency of arsenic is to the formation of compounds which 
contain 2, 3, or 5 equivalents of some other element, the bodies 
thus produced corresponding to realgar, to arseniuretted hydrogen, 
and to arsenic acid ; — 
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Arsenic Acid (As O5) 


As, 2 (CaHj) 
As, 2 (G4H5) 




TJ 1 / 4 U V J Kakodyl .... As, 2 (CaHj) 

Bealgar (As 83) ^ Arseniodiethyl . , As, 2 (G4H5) 

( Arseniuretted Hydrogen ) ( Arseniotriethyl . . As, 3<C4H^) 

\ (A8H3) ..... .1 ^ Oxide of Kakodyl . As, I2 (CVHa) O] 

( Arsenious Acid As [O3] . . ( Chloride of Kakodyl As, [2 (Ca%|ti)iiiri 

Arsenic Acid (As O5) . . Kakodyl ic Acid . . As, 2(C2H3)03, HO 

Ohl-oride of Arsen io- ) a - /n tt \ m 
I telrethylium . . J 4(C4H3), Cl. 

Antimony does not form any compound corresponding to 
realgar, but it yields bodies which contain 3 or 5 equivalents of 
s6me other element; and the alcohol compounds of this metal 
correspond to antimoniuretted hydrogen, and to antimonic acid 

jstibiotrietUyl .... 3 (C.H,) Sb 


3(C4H,) Sb 


Antimonic o.ude of Stibiotrieth jl . 3 (C, 13 ;, Sb, Oj 

Bismuth presents compounds which correspond to teroxide of 
bismuth : — 

Mercury yields compounds corresponding in composition to 
the red oxide of the metal : — 


• A -1 \ f Oxide of Stibiotetretliylium 4(C4TT.) Sb, O 

icAc.d(SbOJ. |o..ideofStibiotrieth/l . 3 ( 0 . 13 ;, Sb, O, 


Oxide of Bismuth 


( 13 i O3) [ 


of Hydrargethyl Hg, [(C,H,) 0 ] 

Lead yields a compound corresponding to plumbic acid, 
2 PbO, 

Peroxide of Lead 2(PbO.,)= 7 Oxide of PJurabetliyl 1 -n, /n tt \ r\ i 

(PkO,). (I.ydrated) . . j Pb,(CJUO,+a.HO 

According to Lb wig, other compounds of lead with ethyl also 
exist, but they have not yet been isolated in a state of purity. The 
formation of the compounds of tiu is not so simply accounted for 
upon Fraiikland\s view, since, according to Lbwig, several poly- 
meric forms, besides other compounds of these organo-metaliic 
bodies may be obtained. Lbwig has enumerated the following 
compounds of tiu with ethyl : — 

Stannethyl Sn (C^HJ 

Bistannethyl 2 (Sn, C4H5) 

Quadristannethyl 4 (Sn, C4H5) 

i Stannethyl . ' 4 Sn, 3 (C^Hg) 

I Stannethyl Sn, 3 (C4H5) 

i Stannethyl . 4 Sn, 5 (C^Hg) 

Many of these compounds appear to have representatives in the 
methyl and in the amyl series. The fornmlaB of the more com- 
plex members must, however, be considered as still open to doubt. 
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The compounds of selenium and tellurium with the alcohol 
radicles, are closely allied to the class of bodies which we are now 
considering, although they present some analogy with the ethers^ 
and they have already been alluded to (996) when speaking of these 
substances. The intermediate position occupied by sejenium and 
tellurium between the metallic and non-mctallic elements, explains 
why their compounds with the al(?ohol radicles should exhibit pro- 
perties intermediate between those of the true ethers and these 
metallic derivatives of the aleohols. The telluriurji and selenium 
ethers differ from the ordinary ethers in the tendency to combine 
with oxygen which they exhibit, thus forming bodies which unile 
with acids and yield definite salts. Tcllurethyl 3 (C4H5Te), for 
instance, becomes oxidized and forms the body, 2 Te202, 

and this compound, by its combination with oxalic acid, yields a 
crystalline salt, 2 [( 041^5)21^-202] C4O6, 2 HO. 

Many of the compounds of the alcohol radicles with the 
metals, such for example as zinc-methyl, kakodyl, stibiotriethyl, and 
bistrietliyl, have an affinity for oxygen so powerful that they 
take fire by simple contaetU^l^th oxygen or with atmospheric 
air : but it is important to Remark, that the results of such oxida- 
tion are very difterent in different cases. Tn some instances, when 
the operation is conducted slowly and with due care, organo- 
metallic oxides are procured, into the composition of which the 
alcohol radicle enters; they thus furnish bases wliich, like oxide 
of kakodyl, combine witli acids, neutralizing tliem and forming 
well-defined crystallizable compounds. In other instances no such 
basic organo-rnetallic oxides can be obtained : thus zinc-methyl, 
and zinc-ethyl, althougli their affinity for oxygen is very intense, 
do not yield any orgaiio-metallic base by the gradual action of 
oxygen upon them. 

Kakodyl and arseniodiethyl (the kakodyl of the ethylic series), 
each unite with oxygen iu two proportions : the lower oxide with ^ 
one equivalent of oxygen in the case of kakodyl, exerting the pro- 
perties of a powerful base, neutralizing acids, and forming with 
them crystallizable salts ; whilst with three equivalents of oxygen 
a strong acid is produced ; thus : — 

Kakodyl .... As 2 (C2H3). 

Oxide of kakodyl . As 2 (Call 3) O. 

Kakodylic acid . . HO, As 2 (C2H3) O3. 

Erankland accounts for the difference between the results of 
the oxidation of kakodyl and of zinc-methyl by saying, that in the 
case of oxide of zinc no binoxide is known, and as zinc-metbyl is 



216 COMPOUNDS OF THE METALS WITH THE AlfCOHOL KADICLES. 


formed upon tin type of oxide of zinc, there should therefore be 
no tendeiKiy to the formation of an oxide of zinC' methyl. In the 
case of kakodyl, tluj addition of an equivalent of oxygen produces a 
coraponnd corresponding in a certain degree with arsenious acid : — 

oy c,H3. 

iis O > Ars{!iiious Acid, As C.,H3 i Oxide of Kakodyl j 

o ) “o' ) 


■vvliilst kakodylic acid corresponds to arsenic acid : — 


Oi 

o| 


CJTa'i 

aiL, 


As O Arsenic Acid^ 
O 
O J 


As O Kakodylic Acid. 

O 

O . 


Tliis view is ingenious, and it may, as its author suggests, 
])robahly admit of further extension ; Frankland has recently 
supported it hy researches which seem to show that a basic 
organic radicle, such as methyl orethyl, can be substituted for 
oxygen, wliicdi is strongly el eetro -|SS£tive. Tims he lias obtained 
a dinitroet hylic acid (N2(/4n.O;j), dei^vcd from 2 equivalents of 
deutoxidc of nitrogen 2 (NO^), in wliieh i ecpiivalent of oxygen 
has been disjilaced by etliyl ; and'-tbc newly discovered ethylotri^ 
tkioidc acid [S;i(C.iIl5) Oj may be regarded as ibrnicd from 3 
^equivalents of sulpliurous acid 3 (SO2), in which i equivalent of 
tlic oxygen has licen displaced by ethyl. These bodies arc pro- 
duced by the action of zine-ethyl upon dcutoxide of nitrogen and 
suljdiurons acid respectively {Proccedinys^ Roy. Soc. viii. 198). In 
order to illustrate the properties and mode of formation of these 
singular compounds, a description will now lie given of a few of the 
orgaiio-Tuetallic bodies into the formation of which zinc, arsenic, 
and antimony enter. 


(«) (Compounds of Zinc loith the Alcohol Radicles. 


(1034) The properties of the compounds formed by zinc with 
the alcohol radicles arc very remarkable, and these substances are 
further interesting in connexion witli the process of isolating of 
the alcohol radicles themselves. 

Zinc-methyl (C2II3, Zn) is a very volatile, colourless, trans- 
parent, and highly mobile liquitl, witli a penetrating, peculiar, and 
insupportable odour. It is immediately decomposed by oxygen, 
chlorine, and iodine, forming compounds which are rather unstable. 
If placed in contact with atmospheric air, it takes fire instanta- 
neously, burning with a beautiful greenish-blue flame, and forming 
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white clouds of oxide of zinc; in contact with pure oxygen it 
burns with explosion, and the presence of a small quantity of its 
vapour in combustible gases gives them the property of sponta- 
neous inflammability on admixture with oxygen. When thrown 
into water, zinc methyl decomposes this liquid with explosive vio- 
lence, attended witli flame; and i^he reaction be moderated, so 
as to prevent any intense clevatibii of temperature, the sole pro- 
ducts of the decomposition arc oxide of zinc and hydride of 
methyl (marsh gas) ; Zn -f- HO = €2113, IJ + ZnO. 

Frankland suggests that, owing to the intense affinity of zinc 
metftyl for oxygon and chlorine, it may be possible to employ it 
for eflecting the substitution of methyl for oxygen and for chlo- 
rine, and it thus may throw some light upon the view of the con- 
stitution of the organo-mctallic bodies which he has broached. 
In order to obtain zinc-methyl in a state of purity, iodide oJ" 
methyl is sealed up, with an excess of dry granulated zinc, in a 
strong glass tube, drawn out to a capillary end, and exposed to 
a temperature of from* 300° to 320*^ in an oil bath, until all the 
iodide of methyl has disap|ieared. A mass of*wdiite crystals, 
consisting of a compound of zinc-methyl with iodide of zinc, and a 
colourless, mobile liquid, which is zinc-methyl, is thus formed, and 
at the same time a considerable quantity of gaseous laethyl is pro- 
duced and confined. One portion of the iodide of methyl is con- 
verted into iodide of zinc and methyl, 

2 (C2H3I) + 2 Zn = (C2II3, C2H3) + 2 ZnT, 
whilst another portion yields iodide of zinc and zinc-methyl, 

C2H3I + ZnZu = CgHgZn + ZnT. 

The zinc-methyl may be obtained by breaking off the capillary 
extremity, and allowing the included gaseous methyl to escape, 
and the liquid contents arc separated from the solid ones by dis- 
tillation at a gentle heat ii^ an atmosphere of dry hydrogen. 

(1035) Zinc-ethyl (C4H5, Zn = 2 vols. vapour). Sp. p\ of 
vapour 4*2^9; of liquid I’lS^at 64° F. (Frankland, Fhil. Trans, 
^855*) — compound is a colourless, transparent, mobile liquid, 
which refracts light strongly, and is possessed of a peculiar 
powerful, but not disagreeable odour. It is not solidified by a 
cold of — 8° F. It boils at 244°, and may be distilled without 
change in vessels filled with carbonic acid, or with hydrogen. 
Zinc-ethyl is less inflammable than zinc-methyl, but its affinity for 
oxygen is sufficiently intense to cause it to take fire as soon as the 
liquid is brought into contact with that gas, or with atmos^iheric 
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air, when it buni8 with a brilliant blue flame, fringed with green, 
and forms dense white clouds of oxide of zinc. If a cold piece 
of glass, or of porcelain, be held in the flame, it becomes coated 
with a deposit of metallic zinc, surrounded by a white ring of the 
oxide of this metal. If the oxidation be allowed to take place 
moi\; slowly, zinc-alcohol C^Hj^ZnO (or ethylate of zinc) is the 
priiieijial product ; and this mode of the formation of zinc-alcohol 
from the direct combination of zinc-ethyl with oxygen, is certainly 
very remarkable, Water immediately decomposes zinc-ethyl; oxide 
of zinc, and the gaseous hydride of ethyl II) being the result : 

CJI5, Zn 4- no = C^He, H -f ZnO. * 

Iodine, bromine, and chlorine, decompose zinc-ethyl with great 
violence ; if the action be moderated, iodide, bromide, or chloride 
of zinc is formed, whilst the corresponding compound of ethyl 
with the halogen is formed ; in the case of iodine, the reaction 
may be thus represented : — 

C.Hs, Zn + 2l = C,H,I +ZnL 
A similar eflbct is produced if zinc-ethyl be heated with powdered 
sulphur, the double sulphide of zinc aijd ethyl being formed. 

Preparation. — Zinc-ethyl is obtained by heating anhydrous 
iodide of ethyl, diluted with an ecpijil volume of anhydrous ether* 
(to regulate* the reaction) with twice its weight of well dried 
granulated zinc. The mixture is introduced into a sealed glass 
tube, and heated in a digester to about 266° F. for twelve or 
eighteen hours. When large quantities are required, the safest 
plan is to conduct the oj^eration in a strong metallic vessel, of 
particular construction. A full description of this apparatus is 
given by Franklaud in his paper. If the materials employed for 
the preparation of the zinc-ethyl were really anhydrous, very little 
permanent gas is produced, but if moisture be present, a quantity 
of hydride of ctliyl is formed. After the apparatus has become 
cool, the permanent gas, if any, is allo\ted to escape ; and the zinc- 
ethyl is distilled from the materials employed in its preparation, 
in vessels fllleil with carbonic acid or hydrogen. Particular modes 
of manipulation arc required during tlie distillation and purifica- 
tion of the product, in order to prevent the access of air, which 
would oxidize and destroy the compound. For details upon these 
points, the reader is referred to tlie memoir already cited. 

(1036) Zinc-amyl (CiqHh, Zu). — This body is obtained by 

* This mixture, to deprive it corajdetcly of moisture, is agitated with 
about orie-tw eutieth of its w eight of anhydrous phosphoric acid. 
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decomposing iodide of amyl in a sealed tube, at a temperature of 
356°. It forms a colourless, transparent liquid, which emits 
fumes, and rapidly absorbs oxygen when exposed to the air; but 
it does not take fire spontaneously. Water decomposes it into 
oxide of zinc and hydride of amyl : — , 

CioH„,Zn + HO = OioHn, H 4 - ZnO. 

(6) Compounds of the Alcohol Radicles with Arsenic. 


Arsenic forms with the alcohol radicles tlireif classes of com- 
pounds, which have hitherto been examined only in the methyl 
and in the ethyl series : — 


1. Arseniodime- ) n tt a /n tt \ a 

thylorkakclyli^AAs =2(C.IUAs 

2 . Arseriiotrimetliyl Callg As =3(CgH3)As 

3. Oxide of Arsen- ) 

intetrameiJiy- > CgII,3As,0 = 4(0^113) As, 0 
lium . . . \ 


Arseniodiethyl 
(ethylic kakodyl) 
Arseiiiotrietliyl . 

Oxide of Arsewio- 
ietrethylium . 


CMd.oAs =2(C,lh)As 
C„H,,A8 =3(C4H^As 


(1037) Kwvkodyl ; Arseniodimethyl C2H3, As = C^IIgAs) ; 
Sp. gr, of vapour 7*1.— This is an extremely poisonous, colourless, 
viscous liquid, heavier than water ; it emits fumes, and takes 
fire spontaneously when exposed to the air. Its vapours have a 
disgusting arsenical odour. The boiling point of kakodyl is about 
338°; at 21® it becomes solid* and crystallizes in square prisms. 
It is only slightly soluble in water, but is readily dissolved by 
alcohol and by ether. When heated to about 750*^ entirely de- 
composed into metallic arsenic and a gaseous mixture consisting 
of 2 volumes of marsh gas and i volume of olefiant gas : — 

Kakodyl. Marsh Oas. Olefiant Gas. 

2 ( 6 ^ 11 '^) = As., + 

Kakodyl burns in oxygen with a pale blue flame, producing water, 
with carbonic and arsenious acnls : but if atmospheric air be ad- 
mitted bubble by’ bubble into kakodyl, wdiite fumes are formed,^ 
and oxide of kakodyl (C4ll6As)0 is the result: an excess of oxy- 
gen converts it into kakodylic acid (C4.H«As)03; but if the supply 
of oxygen be insufficient to complete this change, kakodylate of 
kakodyl (C^HgAsjO, (C4nfjAs)03 (binoxide of kakodyl) is produced. 

The remarkable peculiarity of kakodyl is its power of thus 
uniting directly with oxygen ; and it exhibits a similar tendency 
to combine with sulphur, chlorine, &c.; in this manner it performs 
the part of a simple metallic body, since the group C^H^As (which 
may be represented by the abbreviated symbol Kd), admits of 
being substituted for hydrogen. The discovery of kakodyl was an 
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important stop in (lovclopnicnt of the theory of organic che- 
mistry, as it furnished the first instance of the isolation of an 
organic metallic hasyl ; although other bodies more or less analo- 
gous to it ill this respect are now known. 

33r- ^ Kakodyl was obtained by Bunsen from its chloride, 

whicli, when treated with fragments of granulated zinc, is 
decomposed; chloride of zinc being formed, whilst pure 
kakodyl is liberated. The eliloi'ide employed for this j)ur- 
pose must be perfectly anhydrous, and free from oxide of 
kakodyl. After digestion with concentrated hydrochloric 
acid, the chloride is allowed to stand for several days upon 
fragments of quicklime and chloride of calcium. This 
purification of the chloride must be effected in a bulb-tube 
of the form shown in fig. 335, the quicklime and chloride 
of calcium being first introduced into the bulb. 

In order to avoid the contact of air with the 
purified material, a current of dry carbonic acid gas is 
admitted by the fine tube a, in order to displace the 
atmospheric air completely, and the capillary tubes are 
them sealed ; when the eldoride of kakodyl is to be 
introduced, the point of the capillary tube a is cut oft’, 
and by means of a caoutcdiouc tul)^ it is connected with a band 
syringe ; the tulie h is then opened, and made 
to dip into the liquid chloride, which by the 
movement of the piston is drawn into the 
bulb. The decomposition must be eftected 
in an appamtus similar to that shown in fig. 
336, The zinc having first been placed in the 
bulb «, the apparatus is to be filled with car- 
bonic acid, and a portion of the chloride of 
kakodyl is admitted. The capillary tubes are 
then scaled, and heat is applied to the bulb a, 
'which acts as a retort, b serving as the re- 
ceiver. The zinc gradually becomes dissolved 
-without any evolution of gas; when the action 
lias ceased, the apparatus is allowed to cool, 
and the capillary tube at a is opened under 
boiled water ; the bulb is then heated gently 
to expel a portion of the carbonic acid, and 
water enters as tlie apparatus cools, and the 
capillary tube is again sealed ; the water acting upon the crys- 
tallized mass in the bulb a, dissolves the chloride of zinc. 


Fig. 336. 
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and liberates kakodyl in the form of an oily fluids which is trans- 
ferred to a bnlli-tube of the form of fig. 335^ having 

been filled with chloride of calcium, and the air displaced by 
means of carbonic acid, in the manner already described : here 
it is dried, then transferred to the bulb apparatus (fiTg. 336)^ and 
rectified from a fresh portion of zinc. Kakodyl may also be ob- 
tained by the action of incrcury*upon sulphide of kakodyl. 

(1038) Compounds derived from Kukodj/l. — Bunsen has de- 
scribed a large number of compounds of kakodyl ; some of the 
more important are the following : — 


Kakodyl 

Oxide of kakodyl 

Binoxidc of kakodyl (kakodyl a tcO 

of kakodyl) ) 

Sulphate of kakodyl . . . . 

Kakodylic acid 

Kakodylate of silver ^ . . . 

Brotosul])hide of kakodyl ... 
Bisulphide of kakodyl . . 

Tersulphidc of kakodyl (sulpho-| 

kakodylic acid) , . . • \ 

Sulphokakodylatc of silver . 
Protoehloridc of kakodyl . 
Terehloride of kakodyl . . . . 

Oxychloride of kakodyl 
llydrargo-oxy chloride of kakodyl 


(C,TI„A8) 

(c,n„As) o 

(C,ll«As) O, O , . 

((^ Jl„As) O, SO* 
JIO,(C,Tl„As) O* 

Ago, (C,lI«As) O* 
(C,ii„As) sr 

(CjlloAs) S, (C,H«As) S* 

((’,,TT„As) S3 

AgS, (CJI^As) S3 
(C3II3AS) CJ 
((!3lJ„As) Cl* 

(OjlI^As) O. 3 ( 0 .JIeAs, CJ) 
((VI3A8) O, IJgCl 


Oxide of Kakodyl (CJIyAs, O) ; Sjj. gr. of vnpovr 7 \ 55 . — Tlie 
preparation of tlu; compounds of Ivakodyl, owing to tlic inflamma- 
bility of many of them, and tlieir liigJily poisonous cliaracter, is botli 
difficult and daugeiwus. Oxide of l^alvodyl constitutes in an impure 
form the horribly foetid, s])outaneously inflammable liquid, formerly 
known as Cadet’s fuming liquor, or alkarsin, which is obtained by the 
distillation of a mixture of ecpial parts of dried acetate of potash and 
arseuious acid. The receiver must be fitted to the neck of the 
retort, and furnished with a tube for carrying off the gaseous pro- 
ducts into the chimney ; the retort is then to be heated by a sand 
bath, the temperature of which is gradually raised to dull redness. 
The distilled liquid separates into three layers ; the lower one con- 
sists of arsenic ; above this is a brown oily liquid, consisting chiefly 
of a mixture of impure kakodyl and oxide of kakodyl ; and above 
this is a mixture of water, acetone, and acetic acid. A copious 
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diseogageinent of carbonic acid and of marsh gas accompanies the 
operation. The stratum of alkarsin (oxide oF kakodyl) is drawn 
off, by means of a syphon filled with boilM water, into a flask also 
filled with the same liquid, into which the longer limb of the syphon 
is pbmgcd with a view of preventing the contact of the air with 
tlie iiiflammablo alkarsin. It is washed with boiled water, and 
tlieii rccjtified from hydrate of pota">h in a current of hydrogen : air is 
then gradually admitted to the distillate, sufficiently slowly to prevent 
it from taking fire. The liquid thus obtained consists of a mixture 
of the oxide of kakodyl and kakodylic acid ; it is dissolved in water 
and distilled. At first a quantity of water having the odour Of kako- 
dyl passes over, and when the temperature rises to 248°, the oily liquid 
which distils is nearly pure oxide of kakodyl. A second rectification 
' from caustic baryta in vessels from which air is excluded, furnishes 
the compound in a state of purity. All these operations must be 
conducted w ith the greatest jiossible care, and with the adoption of 
special precautions, on account of the deadly nature of the vapours. 
Full particulars upon all these points arc given by M. Bunsen in 
the interesting and remarkable series of memoirs which he has 
published u])on the compounds of kakodyl and its derivatives. 
These papers are worthy of careful study as models of ingenuity 
and precision in the prosecution of a research beset with unusual 
difficulty and danger (Liebig^s Annal., xxxvii. 1 ; xlii. 14 ; and 
xlvi. 1). Oxide of kakodyl is a colourless, limpid, ethereal liquid, 
endowed with a penetrating odour, and boiling at about 248® ; it 
is insoluble in water, but soluble in alcoliol. It slowly absorbs 
oxygen from the air, and combines with acids to form salts ; the 
sulphate crystallizes in radiated needles. 

Oxide of kakodyl also combines with the electro-negative 
chlorides w ith facility. If an alcoholic solution of corrosive subli- 
mate be mixed with a dilute solution of Cadet^s liquor in alcohol, 
an abundant white precipitate is formed, and the intolerable odour 
of kakodyl disappears completely. The precipitate if collected, 
pressed to remove the adhering mother liquor, and redissolved in 
boiling W'ater, is deposited in well defined crystals (C4H6ASO, 
HgCl). The ready formation of this crystalline compound offers 
one of the best means of purifying the crude compounds of kako- 
dyl. When this mercurial coirq)ound is distilled with concentrated 
hydrochloric acid it furnishes chloride of kakodyl (C4H6As)Cl, in 
the form of a colourless liquid, which boils at about 212®, and is not 
frozen by a cold of — 49®. It takes fire spontaneously in the air, 
and in an atmosphere of chlorine ; in the latter case depositing 
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carbon abundantly. Its vapour* is still more deleterious than that 
of the oxide ; chloride of kakodyl is insoluble in water and in 
ether, but very soluble in alcohol. Iodide and bromide of kakodyl 
may be obtained by treating the mercurial compound with hydri- 
odic or with hydrobromic acid. • * 

The cyanide of kakodyl (C^H^As, C2N ; or KdCy) shows a 
remarkable tendency to crystallisation ; it appears to be the most 
deadly compound of the whole scries, a single grain diffused in 
vapour through a room being sufficient to produce numbness of 
the hands and feet, vertigo, and even syncope in those exposed to 
its effects. It may be obtained in brilliant prisms which fuse at 
91°, and boil at about 284°, by decomposing a concentrated solu- 
tion of cyanide of mercury with oxide of kakodyl, and rectifying the 
crystals over caustic baryta. The vapour of cyanide of kakodyl^ 
has a density of 4*63. 

Sulphur combines with kakodyl in three proportions; the 
protosulphide of kakodyl (KdS) is a colourless, very foetid liquid, 
which absorbs oxygen vapidly from the air. Its boiling point is 
above 212°, and it emits a vjf{)our of sp. gr. 772. It is readily 
soluble in alcohol and in ctfier : it combines easily with an addi- 
tional quantity of sulj)hur, and becomes converted into the solid 
bisulphide (KdSa). The tersnJphide {KdS3) possesses the proper- 
ties of a sulphur acid. If an alcoholic solution of the proto- 
sul[)hide be mixe|[ v^ith an alcoholic solution of nitrate of copper, 
octohcdral crystals of adamantine lustre are deposited ; they arc 
permanent in the air, and consist of a double sulphide of kakodyl 
and copper (C4IJ0ASS, CuS). The protosulphide of kakodyl may be 
obtained by distilling Cadet^s liquor with sulphide of barium. 

Kakodylic acid (HO, C4ll(jAs, O3) crystallizes in oblique equi- 
lateral prisms wdiich are soluble in water and in alcohol. It is 
remarkable that it. appears to possess little or no poisonous action 
upon the animal system, seven grains of it having been injected * 
into the blood of a rabbit without producing any marked effect. 
It is a weak acid, and decomposes the carbonates slowly. Its salts, 
with the exception of the silver salt, crystallize with difficulty. 
The acid is easily obtained by treating oxide of kakodyl with red 
oxide of mercury : metallic mercury isHreduccd whilst the acid is 
dissolved. 

(1039) Arseniodiethyl (C8HioAs=2 (C4H5)As) forms a series of 
compounds parallel to those of kakodyl, but it does not so 
instantaneously burst into flame on exposure to air, and, gene- 
rally, its affinities are somewhat less powerful. 
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(1040) Arsenioirimethyl 3(C2H8)As, corresponds in composition 
with the analogous compound of the ethyl series, which has been 
more comjdetely examined. 

Arseniotriethyl [Ci2Hi5As= 3(04115) As] ; Sp,gr, of liquid 1*151, 
of vapour 5*278. — This is a fuming, colourless, mobile liquid, of 
high refracting power, with the oppressive odour of arseniuretted 
hydrogen. It is miscible with alcohol and ether, but not with water. 
It begins to boil at 284°; but it undergoes partial decomposition 
during distillation. It docs not usually take fire by exposure to 
the air unless gently heated, though it rapidly absorbs oxygen. It 
also becomes gradually oxidized if its solution in ether be exposed 
to the air; and it then produces a base, 3 (C4H5)As02, which 
requires two equivalents of acid for its saturation. A sulphide, 
^pliloride, and iodide may be obtained, each of which contains two 
equivalents of the electro-negative body to one of arseniotriethyl ; 
the iodide liaving the formula, 3 (C4H5)As, I2. Arseniotriethyl is 
obtained by the action of iodide of ethyl upon an alloy of arsenic 
and sodium ; under these circumstanccf!’ it is accompanied by 
arseniodiethyl, from which it is separated by distillation ; the latter 
compound being the less volatile, remains in the retort. These 
operations must be performed in vessels filled with carbonic acid 
gas. The compounds of arseniotriethyl have the closest analogy 
with those of stibiotriethyl (1043). 

(1041) OMde of Arseniotetrethylmm, 4(0.1, Tl^|0 . — If arseniotri- 
ethyl be treated Avitli iodide of ethyl, it combines with it and forms a 
new compound, which has been termed iodide of arseniotetretliy- 
lium [4 (C4H5 )As, I]. It maybe crystallized from water or from 
alcohol, and when its aqueous solution is treated with oxide of 
silver, iodide of silver is formed, while the oxide of arseniotetrethy- 
lium is obtained in solution. It may be procured in the form of a 
whife Iiydrated solid by evaporation m and like the ordinary 

ammonium bases, it jweseiits the ju'opcrtics of a powerful and 
caustic alkali. It forms crystallizablc salts, which when neutral 
contain 1 equivalent of acid. 

By treating kakodyl with iodide of ethyl, an iodide of arsenio 
methylethylium [2 (C4H5) % (C2II3) I] is formed ; from which the 
oxide [2 (C4H5) 2 (C2H3)H O] may be obtained by the action of 
oxide of silver. A corresponding compound containing amyl 
[2 (CioIIii) 2 (02113)!] may be obtained by substituting iodide of 
amyl for iodide of ethyl when acting upon kakodyl. The attempts 
to isolate the unoxidized compound metals of the form of arsenio- 
tetrethylium [4 (C4H5)As] have as yet been fruitless. 
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((^) Compounds of Antimony with the Alcohol Radicles » 

(1042) The alcohol derivatives of antimony have been carefully 
examined by Ldvvig and Schweizer (Liebig^s Annalen, Ixxv. 315), 
and by Landolt, {Ib, Ixxviii. 91, and Ixxxiv. 44). No eorapounds 
of antimony corresponding to the kakodyl series have been* dis- 
covered; but those analogous to* the second and third class of the 
arsenical compounds have been studied. The following are the 
principal compounds witli methyl and with ethyl ivliich correspond 
the second series of the arsenical compounds : — 

Stibiotrimetliyl ... 0 ^ TT,, Sb = 3 (02lT;j)Sb 

Oxide of stibiotrimetliyl CL Hg Sb, = 3 (CLH-dSb, O*, 

suipiiide „ c; H., 8b, s. = 3 (c:ii;)sb, s; 

Chloride „ H., Sb. Cf. = 3 (CJl^Sli, ct 

Sulihatc „ Og Hg Sb, (X. 2 SO3 = 3 (CjC-dSb, O;, 2 SO3 

Nitrate „ Cg llg Sb, O^. 2 N()g= 3 (Cgifai^b, O,, 2 Nck 


Stibiotriotliyl .... OjoTTigSb 
Oxide of stibio itriethyl 0,“ir,gSb, O^ 

Sulphide „ 0,2H,,Sb, S2 

tHiloride „ f’ndfisSb. Olj 

Sulphate „ Ci2<l,.Sb, Oj. 

Nitrate „ Ci2l^i5Sb, O^. 


2 SO, = 
2 NO,, = 


3 (C,TI,,)Sb 

3 ^>2 

3 (f%H5)^b, 83 
3 (ChlTg)Sb, CU 
3 (C,lIg)Sb, O, 


2 SO, 


3 (C,lI„)Sb, 0 „ 2 NO,. 


The radicles stibiotrimetliyl and stibiotricthyl at the first glance 
seem to resemble ammonia in composition, since they correspond 
to antimoniuretted hydrogen in which the three equivalents of 
hydrogen have been displaced by methyl or by ethyl, but they 
entirely differ from ammonia in their mode of combination ; they 
each form an oxide with two equivalents of oxygen;* and this 
oxide requires two equivalents of hydrochloric or of nitric acid for 
its saturation. Frankland view^s stibiotricthyl as the representative 
of the oxide of antimony (SbO^j), in which the three equivalents of 
oxygen have been displaced by an equal number of equivalents 
of ethyl ; oxide of stibi^trietliyl representing autimonic acid* 
(SbOg. O2). A similar cx])lanation may be applied to the corre- 
sponding compounds of arsenic, arscniotricthyl and its oxide. 


♦ Merck considers that he has proved that the oxide of stibiotricthyl 
is monobasic, and contains only i equivalent of oxygen, and that the iodide 
of Lowig and Schweizer is 3 (C4TI5) Sbl, HI, and not a biniodide, from which 
it differs by containing i equivalent more of hydrogen ; and he has obtained 
a substance in brilliant octohedral crystals, which he represents as 3 (C4H5) 
Sb, I, by acting upon Lbwig’s biniodide, with ammonia. It is not impossible, 
however, that Merck’s compound is an oxyiodide [3 (C4Hg)Sb,0,I] ; in which 
case the differences betw cen its discoverer, and Lowig and Scliw eizer, would 
all be accounted for ; but the subject requires further investigation. 

PART III. Q 
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Antimony also forms a second class of organo-metallic com- 
XK)UU(l8, tlie methyl scries of which is represented as follows : — 


Oxide of Siibiotetniniotliylium C^HjaSbO 

SiilpJiide 0,11, ^SbS 

Chlorido CgH^gSbOl. 

SiiljjJiaio 

11 [sulphate 

Nitrate 


4 {CJT,) Sb. O 
4 8b. 8 

4 {C,U,) Sb, Cl 
4 (C2H3) Sb, O. SO, 

4 (CJla) 8b. O. HO. 2 SO. 
4 (C;H,) Sb, O. NOfi. 


This group appears to correspond exactly with the ammonium 
series, with which indeed it presents the most striking analogies. 
Still it admits of being regarded from FraiiklaiuOs point of view, 
in which case its oxide would be regarded as a compound corre- 
sponding to antirnonic acid, in which the places of 4 out of the 5 
equivalents of oxygen arc occupied by an equal number of equiva- 
lents of methyl ; thus, 

Antimonio Acid. Oicidc of Stihioictramcth 3 diuin. 

(Sbo7o) 5 ; 


this new oxide requires only i equivalent ef an acid for its satura- 
tion. Iti connexion with this view it is worthy of remark that 
neither stibiotetramethylium [4 (C.^II..)^b] nor its anhydrous oxide 
has hitherto been isolated ; and in the nitrogen series, both ammo- 
nium and oxide of ammonium arc' unknown in a separate form. 

These speculations upon molecular arrangement must, how- 
ever, aw^ait the result of further experiment, before any decided 
opinion can be formed upon their merits. 

(1043) Stibethyl, or StiMotriethyl [3 (CJl-jSb] ; Sp, gr. of 
Ihiunlj 1*3:24, of vapoirr 7*438. — In order to procure stibiotricthyl, 
an alloy of antimony with j)otassium must be prepared by heating 
a mixture of 4 parts of powdered antimony and 5 of crude. tartar in 
a covered crucible. This alloy, after being reduced to powder, is 
to be mixed with three times its weight of siliceous sand and 
'placed in a retort with iodide of ethyl. The operation must be 
conducted upon small quaiititics at a time, and in an atmosphere 
of carbonic acid : it requires a number of minute precautions 
(Lowig and Schweizer, loc, cit.), Stibiotricthyl is a heavy, 
limpid liquid, with an insupportable odour of onions. It is inso- 
luble in water, but very soluble in alcohol and in ether. Wlien 
a glass rod is dipped into imre stibiotriethyl and exposed to the 
air, the liquid emits dense white fumes, and takes fire in a few 
moments, burning with a white luminous flame. It boils at 3 1 7®, 

Stibiotricthyl decomposes concentrated hydrochloric acid ; 
hydrogen being liberated, whilst bichloride of stibiotricthyl is 
formed as a lieavy insoluble oil. 
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The binowide is obtained by acting on stibiotriethyl with red 
oxide of mercury. It forms a viscous transparent liquid, soluble in 
water and in alcohol. The solution has a very bitter taste, bufit 
does not appear to be poisonous. It is not volatile, and forms salts 
which crystallize with difficulty, except the nitrate, VKich forms 
beautiful rhomboidal, readily soluble crystals, which melt at 144^^ 
into a colourless liquid, and arejldecomposed with deflagration on 
raising the heat. 

Bisulphide of Stibiotriethyl [3 (C4TI5) Sb, S3].-^Tf stibiotrietliyl 
and sulphur be mixed under water, they enter directly into com- 
bination, and great heat is evolved during the reaction : the com- 
pound is soluble in water, and may be obtained in crystals on 
evaporation. This solution when mixed with solutions of the 
metallic salts precipitates the metallic sulphides, (just as sulphide 
of potassium would do,) while a salt of oxide of stibiotuctliyl 
remains dissolved : — for instance, if sulphate of copper be mixed 
with a solution of sulphide of stibiotriethyl, sulphate of stibiotri- 
ethyl and sulphide of copper are formed : — 

3(0,n,)Sb, + 2(Cuo, siV,) = 2(CuS) + 3(c,n5)Sbo,, 2SO3. 

Biniodide of Stibiotriethyl is soluble in alcohol, from which it 
crystallizes in long transparent^ colourless needles. It is also soluble 
in ether and in hot water. 

Stibiotrimethyl [ formed in a manner simi- 

lar to that directed for stibiotriethyl, which in properties it greatly 
resembles. 

(1044) Oxide of Stibiotetramethylimn (CglligSbO = 4 (C2II3) 
Sb, O). — When stibiotrinietln i is brought into contact with iodide 
of methyl, the two bodies combine, and a crystaUinc iodide of 
stibiotetramethylium is the result : 

Iodide of 

Stibiolrimothyl. lodulo of Methyl. Stibiotetramethylium. 

3 (CM,) Sb H- "o;ii^ = 

This compound is soluble in boiling water and in alcohol, from 
either of which solutions it may be obtained in crystals. When 
treated with oxide of silver, the oxide of stibiotetramethylium is 
separated, whilst iodide of silver is formed. This oxide is freely solu- 
ble in water and in alcohol. Its solution is very caustic and absorbs 
carbonic acid from the air, presenting most of the usual characters 
of an ammonium base, and precipitating^many of the metallic oxides 
from their salts. Upon evaporating its aqueous solution in vacuo, 
the oxide may be obtained in crystals, which if heated with due 
care in a tube, may be volatilized without undergoing decomposition, 
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Its salts are vc^ry stable and are readily soluble ; they have a bitter 
taste, hut are not poisonous: they present great similarity in appear- 
atffce to those of potash and ammonia. On the addition of soda 
or potash to their solutions, the oxide of stibiotetramethylium is 
liberated. 


CHAPTER IV. 

AMIDES, AND ORGANIC BASES. 

§ I. Amides and their Varieties. 

(1045) Amides . — It has been already stated (312), that under 
certain circumstances a portion of the hydrogen of ammonia may be 
displaced by potassium, and a compound is thus formed consisting of 
KHgN, which has been termed amide of potassium. When oxalate 
of ammonia is submitted . to distillation, a white sublimate is 
obtained (507, in wdiich the elements*^of oxalate of ammonia, 
minus 2 equivalents of water, arc present ; to this sublimate 
Dumas, by whom it was discovered, gave the name of oxamide. 
The following equation represents the relation which exists between 
oxamide and oxalate of ammonia : — 

Oxalat.R of Aininonia. Oxamide. 

H^NoT^a = -f i^nO; 

or if the oxalic be regarded as a dibasic acid : — 

a (H4N, O) CA = 2 (IW CA + 4 HO. 

Now it is found that other salts of ammonia, when submitted 
to dry distillation, or otherwise deprived of water, yield compounds 
analogous to oxamide. When the ammonia salts of the monobasic 
*neid.s lose 2 equivalents of water, or wlien the neutral ammonia 
salts of the dibasic acids lose 4 equivalents of water, the resulting 
compounds are called amides; those obtained from the dibasic 
acids being further distinguished as diamides. It has been pro- 
posed to account for the formation of these compounds by the 
hypothesis, that they contain a certain hydride of nitrogen, which 
has not hitherto been procured in a separate form, but to which the 
composition HgN, and the name of arnidogen (312) has been 
assigned. 

(1046) Nitriles , — But the amides themselves also admit of being 
deprived of water ; and when the amide of a monobasic acid has thus 
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been made to lose tAvo additional ^equivalents of water, it yields a com- 
pound belonging to a elass known under the generic term of nitriles. 
Acetamide, less two equivalents of water, yields aceto-nitrile : — ^ 

Acetamide. Aceto-nitrile. 

'HjN. C.h”6, = 2 HO + 

and, in like manner, oxamide gi\,es oxalo-nitrile ; — 

Oxamido. Oxalo-nitrile, 

) C A = 4HO -f 2'(N(^. 

It is worthy of remark, that oxalonitrile has the same com- 
position as cyanogen, and is not only metameric, but alsp identical 
Avitli it y so that cyanogen admits of being regarded as the nitrile 
of oxalic acid ; and thus a certain analogy may be traced between 
cyanogen and the products olitained by the dehydration of the * 
ammonia salts; the nitriles of the fatty acids IIO, O3, 

being in fact identical with the hydrocyanic ethers (997). These 
nitriles, when, fused with potassium, yield cyanide of potassium 
and disengage liydrogeTi, mixed with gaseous hydrocarbons. The 
nitriles, when treated with ati alkali, do not reproduce hydrocyanic 
acid, and their corresponding alcohol ; but they recombine with the 
elements of water, and form ammonia, and a salt of the original acid 
from which the nitrile was obtained. Thus, benzonitrile when boiled 
with a solution of potash, yields benzoate of potash and ammonia : — 

Benzouiirilo. Benzoate of Potash, 

+ KO, HO -f 2 no = XoTChH A + 

Tlic nitriles may also be obtained from the corresponding am- 
moniacal salts, by the action of an excess of anhydrous phosphoric 
acid : — in this way benzoate of ammonia may be converted into 
benzonitrile, since the latter contains the elements 5 f benzoate of 
ammonia deprived of 4 equivalents of water ; the hydrogen being 
supplied from tlic element^ of the ammonia, whilst the oxygen is* 
derived maiidy from those of the aeid ; — 

Benzoate of Ammonia. Benzonitrile. 

= 4HO + 

None of the nitriles hitherto procured contain oxygen, since 
all the salts which at present are known to yield them are formed 
either from monobasic acids of the form (HO, Ca-H^O^), or from 
dibasic acids of the form (a HO, C^HyOo). 

The relations subsisting between benzoate of ammonia, benza- 
mide, and benzonitrile, will exhibit the nature of the connexion be- 
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tween the aninionia Hd\t, the amidcj and the nitrile of a monobasic 
acid ; — 

Benzoate of Ammonia. Benzamide. 

iF,N - 2H0= H^C„H^j(orC,4H,N02); 

Benzamide. Benzonitrile. 

and - 2 ho = 

(J047) Amidalcd Acids. — Iff instead of operating upon a 
neutral salt of ammonia, obtained from cither a monobasic or a 
dibasic acid, any^ of the acid salts formed by ammonia with the 
dibasic acids be subjected to dehydration, a body is produced 
belonging to the class of amidiCy or amidated acids. M. Balard in 
distilling biiioxalate of ammonia thus obtained an azotised acid, 
which has been termed oxamic acid : — 

Acid Oxalate of Ammonia. Oxamic Acid. 

n'^i^n(^7o6 = 2 H 0 + 

This substance may serve as the type of a numerous class of 
comj)ound acids, formed in a similar manner. The ammonia loses 
hydrogen, and the portion of the acid attached ‘’to the ammo- 
nia of tlie original salt loses oxygen, whilst that portion of acid 
which was attached to water as a base remains unaltered ; so 
that oxamic acid may be viewed as a compound of unchanged 
oxalic acid and of oxamidc : — 

Oxtimif! acid. Oxamidc. Oxalic acid. 

2 (HO, C,(\) == -f alio, 0,0^. 

The amidated acids may also be obtained by acting upon the 
anhydride of a dibasic acid (itoi) with dry ammonia in excess: 
the two bodies combine together, but the compound which is pro- 
duced is found on examination to give evidence of the presence of 
but one half of the ammonia in the form of an ordinary ammo- 
niacal salt ; the second half having united with the elements of 
the acid to prodiu:e a new compound acid, which is the amidated 
%-acid of the one originally employed (Laurent). Thus, 1 equiva- 
lent of aiihydj’ous camphoric acid when acted upon by i equiva- 
lent of ammonia, yi(dds i equivalent of hydrated camphoramic 
acid ; the decomposition being supposed to consist in the conversion 
of one-half of the acid into camjihoramide, while an equivalent 
of W'ater is given off and enters into combination with the other 
half of the acid ; these two bodies, camphoramide and hydrated 
camphoric acid then unite and form the new acid ; 

I eq. of Camphoric 1 f*q r>f Hytlraled 

Anhy dride. OHniphoric iu*id. \ eq. of Camphoramide. 

+ EfaN = HO, + U^^N7c,„H,rv 

1 eq. of Ilydratod Camphoramic Acid. 
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This amidated acid may be converted into camplioramate of am- 
monia by causing it to unite with a second equivalent of ammonia. 

The amidated acids may therefore be viewed as monobasic 
compounds derived from dibasic acids, in which one half of the 
group composing the original dibasic acid, is displaced^ by one half 
of the group which forms the amide of the acid ; the combi n^^tiou 
of I equivalent of the original iiibasic acid with i of the amide 
furnishing % equivalents of the ihonobasic amidated acid. To take 
again the case of the camphoric acid : — 

Hydrated Camphoric Acid. Camphoramide. in’^drafocTcamphoramic Acid. 


2no,q„H,,o« + (iLNy.vT.A = 2 (iio, it,n, 

Wlien the aqueous solutions of the amidated acids arc boiled, 
they quickly assimilate the elements of water, and become recon- 
verted into acid salts of ammonia. 

(1048) Imicies. — Intermediate between the amides and the 
nitriles there is a third class of bodies, the imides, wdiich contain 
nitrogen, and in which, if we are consistent, the existence of a 
body termed inndogen dlN, (or ammonia, less two equivalents of 
hydrogen,) must be assumed to exist. These compounds arc not 
numerous, but several of them arc well known. They are obtained 
by a process of dehydration from certain acid salts of ammonia, 
and from the amidated acids procurable from these salts ; succinic, 
camphoric, and phthalic acids, for instance, each yield imidated 
compounds. The relation of these bodies to their respective acids 
will be seen by the following comi)arison : — 

( Hydrated camplioric aeid 2 ITO. 

Acid camplioratc of ammonia . . . . . JIO, H^NO, 

Caniphoramic acid (amidated camphoric acid) HO, O20H14O6 

Campliorimide HN, C2yIIi404 

^Phthalic acid 2 HO, OigifjOg 

j Acid plithalate of ammonia HO, H4NO, Ci,5H40q 

; Phtlialamic acid (amidated plithali* acid) . HO, II^N, CjgH405 
kPlithalimide HN, CigH404, 

Hence it will be pcrcSived, that the imidcs are bodies formed 
from the amidated acids by depriving these compounds of two 
equivalents of water, just as tlie amidated acids are themselves 
obtained from the acid salts of ammonia by depriving the latter of 
two equivalents of water : — 


Acid Camphorate of Animotiia. 


Hydrated Caniphoramic Acid. 


HO, H,NO, = 2HO + HO, HjN,C,oH,A; and 


Hydrated Caniphoramic Acid. 


Camphoriiuide. 


HO, H.N, agHiA = 2HO -f HJST, C2gHj404, 

The theory of the existence of amidogen and imidogen as dis- 
tinct organic groups or radicles in these diflerent bodies, does not, 



232 


VAIIIISTIES OF AMIDES — UVDEAMIIlES. 


ii|K)u a general view of tlic questioii, appear to have any very strong 
probahiiity* It vias, indeed, proposed merely as a temporary expe- 
dient for representing the facts. The different groups designated as 
amides, imidos, and nitriles, must rather he regarded as residues, the 
results of successive stages of dehydration. The terms themselves 
may, however, be conveniently retained, provided that their use be 
not taken to imply an adhesion .to the theory in accordance with 
whicli tliese names were framed. 

We may sum up the foregoing facts in the following manner. 
The compounds ‘which correspond to the neutral ammonia salts are : 

1 . The amides, produced by the combination of the hydrate of 
a mono])asic acid with i equivalent of ammonia, and the elimina- 
tion of 2 e(iuivalents of water. 

2. The diamides, produced by the combination of i equivalent 
of the hydrated dibasic acid with 2 equivalents of ammonia, 
attended by the separation of 4 equivalents of water. 

3. The nitriles, produced by a combination of i. equivalent of 
a hydrated monobasic acid and i of ammonia, minus 110 ; or from 
1 equivalent of tlu^ hydrate of a dibasic acid and 2 equivalents of 
ammonia, minus 8 equivalents of watcr^ 

The compounds which correspond to the acid ammonia salts 
are : — 

4. Amidated acids, formed from i equivalent of the hydrate 
of a dibasic acid and 1 of ammonia, minus 2 II O. 

5. Imides, formed from i equivalent of a liydrated dibasic acid 
and one of ammonia, with elimination of 4 110. 

(1049) Hydramides , — llesides the varieties of amides already 
mentioiK'dj a particular class of com pounds is formed by the action 
of ammonia upon certain volatile oils, wdiich appear to belong to 
the group of aldehyds. These bodies, termed hydramides, arc fur- 
nished by the union of 3 equivalents of the volatile oil and 2 equi- 
valents of ammonia, while 6 equivalents of water are separated. 
Compounds of this kind arc formed wdth the essential oils of bitter 
almonds^ of s})iraja, of cinnamon, of cummin, and of anise ; — 

o f Benz oyl. Hydrobenzamide. 

afCullfiO^^ H) 4- + 6 HO. 

Hydride of S»Jic yl. Sulbydraniide, 

3 11) 4- 3 (H^N) =: 4- 6 HO. 

H ydride of Ania yl. Anishydramide. 

3(C.eU,0„H) + 2(H,N) = + 6 so. 

Sulpliurctted hydrogen in acting upon the hydramides, converts 
them into bodies analogous to the essences from which they were 
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originally obtained ; but the new essences contain as many equi- 
valents of sulphur as they previously had lost of oxygen^ the 
ammonia being separated in the form of hydrosulphate ; thus, 
thiobenzole is obtained from hydrobenzamide, and tliiosalicole from 
salhydramide : — 

Hydrobenzamide. Thiobenzole. 

^ 42 ^, + 6HS 2(H,N) 4 - 

Balliydramide. • Thiosalieole. 

+ 6HS = 2(H3N) + 3(^H^SATh). 

(1050) Preparation and jfroperties of the Amides. — The 
amides may be prepared by various methods : — 

I. They may be obtained by the simple distillation of the 
ammoniacal salts, in the manner practised by Dumas for procuring 
oxamide from oxalate of ammonia. 

%, Liebig, in the preparation of the amides, takes advantage of 
the reaction which occurs when the compound ethers are mixed 
with ammonia, which may be employed in the form cither of an 
aqueous or of an aleolujic solution. The result of this decomposi- 
tion is the formation of an jdcohol, and of the amide of the acid 
contained in the ether ; foi* example : — 

Oxalic Ether. Ainmouia.. Alcohol. Oxamide. 

2 4- 2 =• 2 ( 0 JI,O + 2 ( 1 LN)C, 0 ,. 

This method is far superior to the first ; it is of more general 
application, and the results which it yields arc perfectly definite, 
being produced by a specific mode of double dccom])osition. 
Sometimes the reaction does not occur immediately ; it may in 
such cases be facilitated by inclosing the ammonia and ether in a 
sealed tube, and exposing the mixture for some hours to a tempera- 
ture of In this manner benzamide is obtained speedily, 

although it requires many weeks at the ordinary temperature to 
effect the decomposition. If«oth(.*r alkalies analogous to ammonia 
be substituted for the amnaonia in this reaction, compounds analo-* 
gous to amides are formed : thus, if aniline, or methyl ia, or 
cthylia, be mixed with oxalic ether, oxanilide, oxamethylide, or 
oxethylide, will be formed, thus : — 

Oxalic Ether. Aniline. Alcohol. Oxanilide. 

2 C.H5O, C.0,+2(C,3H„ HjN)=2(C.1I,0, H0)+2(H, C,,!!,, N) C.O. ; 

Oxalic Ether. Ethylia. Alcohol. Oxethylide. 

and 2 ==2 TcAo7hO) 4-2 (H, C^lCrNj’c^O^. 

3. Gerhardt and Chiozza prepare many of the amides with 
facility, by treating the solid sesquicarbonate of ammonia with the 
oxychlorides (J097) w^hich correspond to the anhydrides (1099) of 
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those acids of wlsirh tlin amides are required. This process is very 
advantttg(x>us when applied to the preparation of amides which are 
insoluble or sparingly soluble in water, such as benzamide and 
cuminamide : all that is required in the performance of the opera- 
tion is to triturate tlie carbonate of ammonia in a mortar with the 
oxychloride ; aft(!r which the amide is formed by gently warming 
the mass ; carbonic acid escapes, with effervescence, and the sal- 
ammoniac and excess of carbonate of ammonia are removed by 
washing with water. Cuminamide, for»instance, is formed by the 
following reactida : — 

Cuminio Sesquicarb. Ammonia. Cuminamide. Hydroeblor, 

Oxycblorido. Ammonia. 

-h Th^NO, 3 CO2 = 3CO3 -h H4NCI q- 2HO. 

The amides of acetic, propionic, butyric, valeric, and of a few 
other acids are freely soluble in water, and have a sweet taste ; 
but the amides, as a class, are either sparingly soluble or quite 
insoluble. Those wliicli arc soluble in water are also generally dis- 
solved by alcohol and ether. By long boiling with w’ater most of 
them become d^Lssolved, and converted into ordinary salts of am- 
monia, by tlic assumption of tlic elements of water. This change 
is greatly accelerated by the addition of a minute quantity of any 
free acid. The presence of a free alkali produces a like trans- 
formation ; if potash or soda be the base employed, salts of these 
alkalies are formed, wdiilst ammonia is liberated : this change 
occurs very slowly at ordinary temperatures, but it takes place 
rapidly at the boiling point. 

(J051) Theory of the Amides . — The amides, ever since their 
discovery, have oficrf'd interesting subjects of investigation and 
Bi)eculation to the chemist. They are substances which, although 
derived from ammonia, exliibit no basic power ; yet the hydraraides 
can be eonvcrt(‘d into compounds which possess all the properties 
of powerful alkalies (1068). 

Gcnhardt and Cliiozza have recently published a valuable 
memoir upon the amides {Ann. de Chimie, TIT. xlvi. 129), in which 
they endeavour to show that these bodies bear the same relation 
to their respective acids, that the volatile alkalies, methylia, ethylia, 
&c., do to the alcohols from which they are formed. The amides, 
when treated with nitrous acid, yield nitrogen and the acid from 
w^hich the amide was obtained ; and under similar treatment the 
volatile alkalies of the alcohols yield nitrogen and their corre- 
sponding alcohol. Upon this view, therefore, the amides are 
compoimds derived by substitution from ammonia, upon which as 
a type they are founded ; the ordinary amides of the monobasic 
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acids^ such as benzamide, being ammonia in which the basic 
character is neutralized by the substitution of an electro-negative 
radicle (such as benzoyl) for one of its equivalents of hydrogen : 

thus, ammonia being H N, benzamide (Ci4H702N)^ would be 


C14H5O2 

H 

H 


H 


N ; and starting from this idea, Gerhardt and Chiozza 


were led to effect upon the amides a series ?)f substitutions 
similar to those performed by Hofmann with etliylia and its homo- 
logucs. In this manner they were enabled by double decomposi- 
tion to obtain amides, in whicli one atom, or two atoms of hydro- 
gen were displaced by certain electro-negative bodies; these electro- 
negative bodies being compounds, which when substituted for either 
one half or both halves of the hydrogen in the double molecule of 
water, furnish in one case, the hydrated, in the other, the anhydrous 
acids (1099) : — benzoyl (Cj4ll502),for instance, when thus substituted 
for liydi’ogen, yields either bejizoic acid or benzoic -anhydride : — 


Water. 



IJeuz<^c Acid. 


Benzoic Anhydride. 


t'.JTA 

C„HA 


■i 


0 , 


Now, it has been already explained, that the various compounds 
formed upon a certain type may ])()sscss })roperties in wliich they 
gradually differ from those that f)reccdc and from those that follow 
them in the series; these differences depending upon the nature and 
number of equivalents of tlie elements or compounds wliich are intro- 
duced by processes of substitution into the prototype of the series 
(917). It becomes, therefore, quite possible to obtain compounds 
formed upon the type or plan of an eminently basic substance like 
ammonia, which, nevertheless, ina^ possess neutral or even wcll- 
nnarked acid characters. In this manner Gerhardt and Chiozza 
have by substitution formed various classes of amides which 
they distinguish thus : — 

I. Primary amides, or amides which like acetamide 
(C4H5O2N) = represent a molecule of ammonia, in whicli 

a single equivalent of hydrogen is displaced by an organic radicle.* 


* If a monobasic acid be defined to be an acid representing a double mole- 
cule of water | Og, in which i equivalent of hydrogen is displaced by an 

electro-negative radicle (acetic acid being ^ [ ^»)» fhe j)rimary amide is 

the amide derived from the neutral ammonia salt of such m acid» 
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a. Seconfhny ^-n^udes, in which the displacement of hydrogen 
in th(‘ molecule of ammonia extends to two equivalents ; such for 

f C14H5O4, 'I 

example as cumylsalicylamidc (C3i,Hi70(jN), or j C20H1JO2 j-N. 

I H J 

3. Teriiary Amides, in which each equivalent of the hydrogen of 
the ammonia is displaced by an eqiiivalent of an organic radicle; such 

as dibenzo-siilphophcnylamidc* (C.10II15S2O3N), orj N. 

LCi2H5,2S02j 

Tlie imidcs may be regarded as belonging to the class of 
secondary amides, but the two equivalents of hydrogen in the 
ammonia arc displaced by an indivisible group equivalent to H2 in 
combination. Suecinimidc (C^ll^OiN), for example, maybe repre- 


sented as 


The dil)asic radicle of the succinic acid in 


this case, has displaced two equivalents of the hydrogen of the 
ammonia. But it would probiibly be more correct to double the 
ibrmula of tlm imides, and to reder thenn to a class of amides 
termed diamides, which arc derived from a double equivalent of 
ammonia (11, .N2), 

If this were done, the three difi\‘rcnt amides of succinic acid 
{2 11 0, (^yll./),j) would all belong to the class of diamides : — 

1. Succinamide, CgllHOeNg • = ^ H.> IN2 ; 

( II2 i 

2. Bisuccinamide, or suecinimidc 

C,,11,o()hN,, or 2 (c;ii,o,n) 

3. Trisuccinamide, (diamide of _ fp^TT^n^lxr 

suceinyl) C 24 H, 20 , 2 N 2 • • \ cSoI ) ‘ ' 

The scixuidary amides may. be prepared by heating the primary 
amides to a certain temperature with an equivalent quantity of 
the electro-negative oxychloride : hydrochloric acid escapes in 
abundance, and the secondary amide is found in the residue. Care 
must be taken to prevent tlie temperature from rising too high. 


CsHM 
ChH, 04 N 2 ; 
H2 } 


^ The inharmonious and n‘ldy names employed to designate these 
complicated substitution prochicia art* apt to discourage the learner; but in 
the present sbite of chemical nomenchuure they are almost necessary, for the 
purpose ot pointing out the parentage and relationship of the bodies which they 
represent ; since the compounds themselves havi* litt le or no intrinsic interest, 
the relations indicated being, in most cases, the really important circumstances* 
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otherwise nitriles are apt to be formed. If the products of the 
reaction assume a viscous form, they must not be dissolved whilst 
in this state ; but must be allowed to become solid ; their solidifica- 
tion may often be eflected ]>y the addition of a few drops of ether. 
The formation of cumylsalicylamide by treating chloride 'of cumyl 
(cuminic oxychloride) with salicylamide, offers an instance of ^he 
formation of a secondary amide ii^ this manner : — 


Salicylamide. 


Chloride of Cumyl. Cumylsalicylamide. Hydrochloric Acid, 


) C TT O ) ^14^ ^5 ) • 


H 

Cl 


Sometimes new amides may be obtained by heating together two 
primary amides in equivalent proportions ; ammonia is then disen- 
gaged, and a secondary amide is formed. For example : — 


Benzaniide. 



Salicylaiuide. Benzoyl Salieylamide. Ammonia, 



The secondary amidc!? possess the acid character more strongly 
than the primary amides ; and they frequently form metallic salts, 
those which contain silver being the salts most readily procured. 
Thus benzosulphophenylamide, when dissolved in boiling water 
by the aid of a few drops of ammonia, and mixed with a boiling 
solution of nitrate of silver, yields a compound in which silver takes 
the place of hydrogen in the original amide, the new silver salt 
crystallizing out in groups of colourless needles : — 


Beuaoaulpha- 
phenylumido. 
A, 


2 SO, 

CmHa 


N + 



]sro^ 


Benzosulphophenyl- ISTitric Acid, 

ur^ cuLumidu. 


• CVH,. 2 SO„ ) 

= c,Xo, '[n + 
) 



The tertiary amides are readily prepared from such silver 
salts of the secondary amides ; for they are attacked by the nega- 
tive oxychlorides even withemt the aid of heat, double decomposi- 
tion occurring, whilst chloride of silver is formed, and an organic 
radicle takes the place of the silver in the amide. The silver 
compound just described, is thus, by the action of chloride of 
benzoyl, readily converted into dibenzosulphopheiiylamide : — 

Benzosiilphophenyl- Chloride Dibenzoaulpho- 

a^genttiiuide. of Benzoyl. phonylamido. 


2 SO, 

CnHaO, 

Ag 


-f 


C TT O ) 2 SO- 

( _ n Ti n 


Cl 


OuHaO, 

C.,HA 


'}« + cf! 


When the silver salt of a secondary amide, such as the one 
referred to in the last equation, is treated with ammonia, it is 
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commonly dissolved without fixing the elements of water, but it 
combines with the ammonia and forms a diamide, that is to say, an 
amide deriv cd from two molecules of ammonia ; for example : — 

N + n^N = 

Air -^^2 

Ha J 

The other secondary and tertiary amides when treated, with 
ammonia, have the power of fixing the eleriients both of ammonia 
and of water sb as to form amidated acids, or rather salts of 
ammonia with amidated acids. Thus, for instance, benzosulpho- 
plienylarnidc may be transformed by ammonia into benzosulpho- 
plienylamate of ammonia : — 

/ 2 SO. 1 V 

2 ( c\:h;o, ' j n ) + n,N + 4 ho = ( H,NO, ) 

The description of a few of the more interesting compounds 
belonging to the diftcrent classes of amides will snffidfe to give an 
idea of the general properties of these eohipounds. 

(a) Amides of the Alomhasic Acids, 

(1052) Aceiamide^^^^^'^yii — This compound is 

obtained in abundance by decomposing acetic ctlicr with an equal 
volume of aqueous solution of ammonia, under pressure, and at a 
temperature of 250^ oj‘ 260®. It forms a white solid which fuses 
at 172^ and boils at 430°. It crystallizes after fusion. Acetamide 
is soluble in water and has a cooling sweetish taste. When dis- 
tilled with phosphoi'ie acid it loses two equivalents of water, and 
becomes converted into acetonitrile. If the acetic ether be decom- 
posed with ethylia, it forms a corresponding compound, ethyl-- 

C,HA) 

acetamide or aceto-ethylide Cyll^NOa = C N. 

II 3 

Ethyl-diacelamide Ci2lIiiNO,j,=^ is a limpid, co- ' 

L 1,115 ) 

lourless, neutral liquid, which boils at 377°. It is obtained by 
heating cyanic ether with acetic anhydride to about 392®, in a 
sealed tube. Carbonic acid escapes on opening the tube when cold: — 

Cyatjate of Eiliyl. Acoi:. A»ih> dride. Ethyldiacetamide. 

c7H50,"ci3o + 2 {cSl, 0 .^ = 2 CO, 4- 

Trichloracetamide, CiII2CI3N02=^*jj**^“|n, is the compound 


2 SO, 


Ak 
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obtained by decomposing tricblordcetic ether with ammonia ; but it 
is also obtained by acting upon several other perchlorinated ethylic 
ethers, such as the perchlorinated formic, carbonic, oxalic, and 
succinic ethers: perchloraldehyd likewise yields it when treated with 
ammonia. It is a crystallizable compound with a swedt taste ; it 
melts at 275^, and is very soluble in alcohol and in ether. * 
(1053) ^Topionamide CgIl7NC)2, Batyramide CgHgNOg, and 
Valer amide C1QH11NO2, may all be obtained by the action of 
ammonia upon tlieir respective ethers. They are fusible, volatile 
compounds, which may be sublimed without decomposition ; they 
arc soluble in water, alcohol, and ether. When distilled with 
anhydrous phosphoric acid, they yield the nitriles of the acid, or 
the hydrocyanic ether of the alcohol below them : — 

Propionamido. Propionitrilo. Cyanide of EUiyl. 

- 2nO = (or €^,^0^) 

Butyramide. Butyrouiirile. Cyanide of Trityl. 

NOj - ^2H0 = (orC^II^’aN) 

Valoranjide. Valeronitrile, Cyanide qJTetryl, 

- 2HO = (or 

(1054) Benz amide (C14H7NO2) is a white solid, fusible at 
^'39°^ which may be sublimed without undergoing decomposition. 
It is sparingly soluble in water, but is more readily dissolved by 
alcohol and by ether, from which it crystallizes in right rhomboidal 
prisms. When boiled with free acid or alkali, it is quickly con- 
verted into benzoate of ammonia. 13cnzamidc is most easily 
obtained by heating an alcoholic solution of ammonia with 
benzoic ether for some hours in a scaled tube. When boiled with 
red oxide of mercury, water is separated, and hydrargu-bevizamide 
is obtained; 

C1JI7N92 + HgO = Ci^H^IIgNO^ + HO. 

C,4HA) 

Hydrargo-benzamide may be viewed as Hg SN, or benzamide 

H ) 

in which the second equivalent of hydrogen has been displaced 
by mercury. Benzamide, when heated with potassium, loses 
oxygen ; hydrogen is eliminated and benzonitrile is formed : — 

+ K = + H 4- KO, ilO. 

(5) Nitriles, 

(^055) Benzonitrile (CjaH^N). Sp,gr. of liquid 1*007, of vapour 
3*70. — This substance is a colourless oil, with a powerful odour of 
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bitter almonds* It is sparingly' soluble in water, but is miscible 
with alcohol and ether in all proportions. It boils at 376®, and 
emits an inflammable vapour, which burns with a smoky flame. 
It is readily obtained by the dry distillation of benzoate of ammo- 
nia, or of' l)enzamide ; and when washed with hydrochloric acid, 
and re-distilled, is obtained pure. Benzamide also yields benzo- 
nitrilc when treated with chloride of benzoyl : — 

Bonzamide. Cliloride of Bonzoyl. Benzonitrilo, Bonzoic Acid. 

+ HCI. 

Benzonitrile, when boiled with alkalies, or with concentrated 
acids, is converted into benzoic acid and ammonia, with assimi- 
lation of the elements of water. 

Cumonitrile (Ca^IIxiN, Sp. gr, of liquid 0765) maybe obtained 
by similar methods from cumiuate of ammonia. It has a fra- 
grant odour, and boils at 462°. 

The nitriles of tlic fatty acids are identical witfr the hydro- 
cyanic ethers of the alcohol in the scries immediately below that 
of the acid from which they arc obtaiined (997). 

(e) Amides of Dibasic Acids — Diamides* 

The dibasic acids give rise to the formation of diamidcs ; that is 
to say, to amides formed from* tw o equivalents of ammonia. We shall 
examine those of two acids only, viz., the amides of oxalic acid 
and those of succinic acid. The latter afford an instructive illus- 
tration of the pre])aration and properties of primary, secondary, 
and tertiary diamides, from the same acid. 

(J056) Oxamide, II2NC55O2; or 2 (HgN) 0^,04 = IlaVNg. 

H2J 

This interesting compound is most readily obtained by decompos- 
ing oxalic ether by an aqueous or an alcoholic solution of ammonia. 
It may also be procured, though less advantageously, by distilling 
oxalate of ammonia, when it condenses in the neck of the retort 
and in the receiver in the form of white flocculi, Oxamide is a 
light tasteless powder, which is insoluble in cold water, but 
soluble to a small extent in boiling w'ater, from which it is de- 
posited on cooling in crystalline flakes. The solution is neutral 
and gives no precipitate with salts of lime. It is insoluble in 
alcohol. It may be sublimed in an open tube, though with diffi- 
culty. When its vapour is transmitted through a red-hot tube, it 



OXAMIDE — SUCCINAMIDE. 


211 


is decomposed, according to Liebig, into bicarbonate of ammonia, 
hydrocyanic acid, oxide of carbon, and urea : — 

Oxamitlo. Bicarb. Ammon. Urea. 

2 [(H,N),C,0,i = H,N, 2 Cd, + H, C,N + 2 CO + iLN,C„0,' 
When oxamidc is heated to 436 , in a sealed tube with watej:, it 
becomes transformed into oxalate ^of ammonia. The same change 
is effected by boiling oxamide with dilute acids or alkalies. If 
heated alone in closed vessels to 590°^ it is converted into a mix- 
ture of cyanogen^ oxide of carliou^ and carboualc of ammonia. 
Oxamide, in fact, contains the elements of cyanogen and water; 

= 2 (CaNj 4- 4 IIO; but the water reacting upon a 
portion of oxamide, conveu’ts it into oxalate of ammonia, and this, 
by the action of heat, is resolved into carbonate of ammonia and 
oxide of carbon : — 

Oxamide. Oxalate of Aiattuaiia. 

(li,N)a0,O, + 4 no = 2 lI,NO, QA; and 

Oxi-J. Amntonia. Carb. Ammonia. 

2 H4NO, CV >G = ^ 2 CO,) 4- 2 CO. 

When oxamide is boiled A\*itli red oxide of mercury, the two 
bodies cuter into combination, and form a white heavy powder 
[IlgO, (ILN)AOJ. 

If oxalic ether be decomposed by the aleoliol alkalies, such as 
cthylia, metliylia, and amylia, or by other bases, such as aniline, 
compounds are obtained corresponding to oxamide : tlius cthylia, 
when made to act upon oxalic ether, yields dicthyloxamidc 

CA) 

=2i (C4II5) aniline, under similar cireum*- 

H J “ 

stances produces dipheiiyloxamidc (oxauilide) : — 

Oxalic Ether, Aniline. Oxaniiide. Alcohol. 

2 c,n,o, C,0,3 + 2 (C,A, H,N) = 2 (C,JI,) Jn, + 2 (C^HP, IIO). 

11-2 ) 

(1057) Succinainide (CgHgNaO^ = Ha f Na). When suc- 

Ha j 

cinic ether is mixed with twice its volume of a concentrated 
solution of ammonia, alcohol is liberated, and succinamide is 
deposited in the form of a granular crystalline compound. It is 
nearly insoluble in cold water, but is dissolved by boiling water in 
considerable quantity. Alcohol and ether do not dissolve it. 

PART III. R 
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Sacnnimide, or hlsuccinamide a (C3H5NO4, % Aq) = a(C8H40J 
TLlN’jj + 4 Aq. — The simplest method of procuring this compound 
consists in neutralizing a solution of succinic acid with ammonia, 
evaporating to dryness, and sulimitting the residue to distillation. 
It may ak^o-be obtained by causing dry ammonia to react upon 
anlijdrous succinic acid; during this reaction water is formed^ 
and a consideralile elevation of temperature occurs : — 

Succiuif j\]iliy(lride. Succininude. 


2 (CaH^Oj) 


^(n^N) = 


c„n,o, 

c„H,o, 

H2 


AVliori suocinamide is heated^ ammonia is evolved, and suceinimide 
is formed : — 

8 lU'ci n ami do . S uoei nimi d e . 

r(c7lkNA) = 


When crystallized from its aqueous solution, suceinimide forms 
beautiful, cfllorcsccht, rhombic tables. It is frcelgi soluble in 
water, and the solution has a weak aei(l reaction ; alcohol also 
dissolves it, bu! it is insoluble in etker; it fuses at 410°. Succi- 
iiirnide is mctamcric with sueciiiamih acid. It yields a crystal- 
lizable compound with silver, termed mvnmmidale of silver, 

ChHA) 

CnllArNa [= 3(CyH4AgNOi)]; this l)ody is obtained in needles 
Ago ) 

by mixing a boiling concentrated alcoholic solution of suceinimide, 
reiulercMl slightly alkaline by ammonia, with a hot alcoholic solu- 
tion of nitrate of silver : the salt is deposited as the liquid cools. 
K is uot decomposed by potash iu the cold, but on the application 
of heat to the mixture, ammonia is evolved. Succinimidate of 
silver is freely soluble in ammonia, iind if the solution so obtained 
b(' ](‘lt to spontaneous evaporation, a syrupy alkaline liquid is left, 
which gradually becomes converted yito a mass of rectangular 
prisms [2 (C^^H^AgNO^) 2 IlijN], from which potash immediately 
liberates ammonia. Succinimidate of silver is decomposed with 
explosion wdicn suddenly lieated : it is isomeric with snccinamate 
of silver, into which it is converted if its ammoniacal solution 
be boiled for some time; it tlien becomes much more soluble, 
and is no longer explosive. 

Trisuccinamide N2 = 3 (CgHpjNa.— When an 

equivalent of succinic oxychloride (1182) is dissolved in twice its 
volume of ether, and mixed with an equivalent of the succinimi- 
date of silver, an immediate reaction occurs, suflacient heat is 
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emitted to volatilize the cAer, and chloride of silver is 
formed : — 

Succinimidate of Silver. Succinic Oxychloride. Trisuccinamide. 

Ag,N.. + = '3 + 2 ArCI. 

* • 

Boiling ether dissolves it under pressure^ and deposits small 
crystals^ which are fusible at r8,i®. Water and alcohol decom- 
pose this compound, alcohol conferting it into succinimide with- 
out the formation of succinic ethcr."*^ 


[(]) Amidated Acids. 

A single instance will sullicicntly illustrate the nature of these 
bodies, after what has Ijecn already stated of their general pro- 
perties : but the existence of this elass of substances is not confined 
to the compounds of organic chemistry, since both suljdmric and 
carbonic acids yield amidated acids, viz., the sulphamic and carliamic 


* Wiirtz has put forward a view of tlie amides <lifieringfrom the foregoing 
one, iiiasmueli as ho propo^^s to (ionsider the monobasic amides as Ibrmed 

from the type of tlio double molecule of water | Oo, and thus to c;onne(;t 
tliom with the acids : for example, if acetic acid in its hydrated form be written 
f 1 0^^ amides of acetic acid would bo thus indicated : — 

Aoctamido. Ethyljirotamido. 


I njM 

Dia^’otamido. 


11 ' 


j (OJTjN 


Ef Jiyldiacetn mido. 


C4TT3O , ) 

C,E,0, 


It will be seen that upon this tlieory the amides are supposed to be formed by 
llie action of ammonia u])()n the liydrated acids ; JI,,N, losing tv. o e(j[uivalent 3 
of liydrogcn, wliicU combine with tljc two exterior equivalents of oxygen, 
while the residue IIN takes tin* place of the oxygen tlius removed. 

Wurtz considers, with Gerhardt, Ihat the dibasic acids are derived from 
two double nioh'cules of water (i 102), and their relation to thdr amides and 
amidated acids admits of being v^^ry simply traced : for example — 


Water. 


Oxalic Acid. 


Oxamide. 


Hi 

H) 

|o, -) 

C.,Oo 

‘ 11 ^ 

[ 0 , 1 


Hi 

H] 

J 


[ 0 , ] 

1 ‘ 


EN 

HK 


Oxaniic Acid. 



This view is ingenious, but it does not account for the fact that oxamide is 
'neutral, and that oxamic acid is monobasic, whilst oxalic acid is intensely acid 
and dibasic. The two equivalents of hydrogen which are here represented as 
occupying similar positions in oxalic acid, in oxamide and in oxamic acid in 
each case, certainly perform the functions of a base in oxalic acid ; if the 
theory be correct, they also must occupy a basic position in the other com- 
pounds, and as such should bo exchangeable with a metal : but on making 
the experiment this exchange is found not to take place. 

r 2 
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acids ; bodies being produced by the reaction of dry ammonia 
upon anhydrous sulphuric, and carbonic acids; the compounds to 
which the term of aramonides was applied (507) being supposed 
by Laurent and Gcrhai dt to be amidated salts of ammonia. 

(105S). O.Tamic Acid (Cj,Il3N06 = HO, H3N, C^Og). — When 
binc/Aalate of ammonia is exposed to a carefully regulated heat, it 
loses its water of cry stallization, oand begins to undergo decompo- 
sition at a temperature of about’ 430°, giving off water, carbonic 
acid, formic acicl, and carbonic oxide. The residue in the retort, 
if not heated too strongly, consists of oxamide and an acid sub- 
stance soluble in water. This soluble compound is oxamic acid. It 
may be neutralized by baryta water, or by lime water, and yields 
crystalline salts of these bases on evaporating the solution. If its 
aqueous solution be boiled, it is reconverted into binoxalatc of 
ammonia; 110, 11,^,0,05 + 2 110 = 110, ll^NO, 0,0,- 

A large numljcr of dibasic acids form compounds analogous to 
oxamic acid, such as the following : — 


Sulphamie Acid V . 
Carbarn ie Acid ? . 

Lactamic Acid 
Tartj'amic Acid 
Malamic Acid . 
Plithalamic Acid . 
Camphoramic Acid 


HO, dl^N, S,Og. 

HO, H,N, 

Ilo, ]LN, C„H,„Oa. 
HO, ILN, CsHjO,)- 
HO, H.,N, CJl^Oj. 
HO, II, N, C,«HA. 
HO, II,N, C^,H„05. 


§ II. The Organic Bases. 

(1059) The Alkaloids, or organic alkalies, are not less nume- 
rous than the organic acids : they form a natural group of high 
intevost to the chemist, not only on account of their remarkable 
com[»osition, but also from their powerful effects as medicinal 
► or poisonous agents upon the animal economy. 

lu tlui majority of instances the natural organic bases are 
derived from the vegetable kingdom, and constitute the active 
principle of the plant that contains them. They always occur in 
combination with some acid, which is also frequently of organic 
origin, and peculiar to the plant or family of plants in which it 
is found. In many cases the alkaloids which occur in one species 
of a natural family are found also in several of the other members 
of the same family. 

The vegetable bases when in solution have generally a decidedly 
alkaline reaction upon test papers, and they for the most part 
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completely neutralize the acids/ forming definite and well crystal- 
lized salts.* They obey the usual law of bases when their salts 
are submitted to electrolytic analysis ; since under these circum- 
stances the base is liberated at the platinode of the voltaic battery. 
Most of these bases arc dissolved sparingly by water, but are more 
freely soluble in alcohol, especially when it is at a boiling tcuTper- 
ature; the alcoholic solutions a§ they cool generally deposit the 
alkaloids in the crystalline form.. Some of these bases oecur in two 
isomeric conditions, one of which is crystallizablp, and the other 
amorphous ; both forms combine with acids in the same proportion, 
but the crystalline variety alone yields crystalline salts. 

The vegetable or organic bases may be subdivided into two 
well-marked elasses : — ist. Those which like aniline ( 0 ^ 2 ^ 17 ^)^ 
do not contain oxygen : — and 2nd. Those which like cpiinia 
(C ,,yH24N304, 6 aq) do contain it. The bases of the first class 
are oily and volatile ; they rapidly absorb oxygen fi’om the air ; 
this class has recently been augmented by the formation of nume- 
rous artificial alkaloids, «many of which closely resemble aniline in 
properties, and may, like aiiiline, be regarded as derivatives of 
ammonia. Less is known of the derivation and rational composition 
of the. second and more complicated class of oxidized bases. All 
of the volatile bases have a powerful odour, and may be distilled 
either alone or with the vajiour of water, without undergoing de- 
composition. Advantage is taken of this property in theii’ prepa- 
ration or extraction; it is sufficient to digest the plant contain- 
ing them in a weak alkaline ley, find to submit the mixture to dis- 
tillation. A portion of ammonia always comes oier with the 
condensed products, which arc neutralized by sulj)huric acid, then 
evaporated, and afterwards digested with alcohol. This menstruum 
leaves the sulphate of ammonia, but dissolves the sulphate of the 
organic base, whicji may be purified by recrystallization. If this 
salt be agitated with a mijiture of equal parts of a strong solution * 
of hydrate of potash and ether, the mixture separates on standing 
into two layers, the upper one consisting of an ethereal solution 

* It is much to be regretted that a uniform system of nomenclature has not 
been adopted for those compounds; that the termination /or, for example, as 
in morphia and strychnia, has not been appropriated to the bases, to indicate 
their analogy with ammonia: the termination ///c, might tlien liave been 
restricted to the neutral principles. Both these terminations are now attached 
iudilTerently, by many writers, to the bases, and it miglit be attended with 
inconvenience were the attempt uniformly made to alter the termination 
familiarized by usage. In this work I have generally indicated the neutral 
bodies, such as salicin, amygdalin, &c., by the termination in, reserving the 
ending, ine, for those which have basic properties. 
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of the \'ohitile base. If this etjiercal solution be decanted, and 
placed in a retort and distilled, the ether is first expelled, and the 
base may afterwards be obtained in a state of purity in the last 
portions which pass over. 

The g-(^peral process of extracting the alkaloids wdiich are not 
volatile is simple. The rasped or powdered vegetable is digested with 
dilute sul])burie or liYdrocliloric aeid, by which the organic salt of the 
alkaloid is de(;om posed, and a more soluble sulphate or chloride is 
formed. To the filtered solution, ammonia, magnesia, or bicar- 
bonate of soda is added, by which a copious precipitate of the impure 
alkaloid is occasioned ; and this, if magnesia be used, is mingled with 
the excess of this earth, and often with an insoluble compound of the 
organic acid wnth magnesia. The precipitate is treated with boiling 
alcohol, from wdiich, on cooling, the alkali generally crystallizes : 
it is redissolved in sulphuric or hydrochloric acid, digested wdth 
animal charcoal, and the salt is jyiuihcd by rccrystallization. 
Animal charcoal, though it perfectly removes the colour, has in 
many cases, how^ever, the serious disadvai^tagc of retaining also a 
large proportion of the salt of the organic alkali ; and if a great 
excess of charcoal be us(‘d, almost th6 wliole of the salt may be 
withdrawn from the solution. 

Many of the organic bases arf. dissolved by chloroform ; imd 
this ])roperty may in some instances be taken advantage of for the 
2)iirpose of se2)arating such l)ascs from tbeir solutions : — The sub- 
stance sui)posed to contain the alkaloid is to be digested in a dilute 
acid, smdi as the sulphuric or hydrochloric ; the liquid is filtered if 
iKHH^ssary, then supersaturated wdth ammonia, and agitated with 
about ono-thirticth of its bulk of chloroform; the chloroform 
speedily separates in the form of a heavy oily layer, which can be 
decanted; it will be found to contain nearly the whole of 
the base, w hich may afterwards be imrificd by the usual methods. 
This mode of operating often affords yaluahle aid in mcdieo-legal 
enqniric^s instituted for the purpose of detecting certain bases which 
are suspeeti^d to havcl)een administered as poisons. 

(1060) Nature of the Organic Bases , — The composition of 
the vegetable alkalies is remarkable ; all of them contain nitrogen, 
and in the greater number each equivalent of base includes one 
equivalent of nitrogen, llcrzcdius regarded ammonia as the com- 
j)ound w^liich eonfi^rs upon them theii* basic character; and he con- 
sidered them to be compounds of ammonia with a variety of neu- 
tral principles, which in most cases are not susceptible of isolation; 
the union of the neutral principle or colligate with the ammonia 
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being of the same intimate nature as that of alcohol with sul- 
phuric acid in the sulphethylic acid, where neither of the consti- 
tuents exhibits its ordinary characters. Thus quinia (halving the 
formula now adopted) (C20II22NO2, 3 aq), was represented by Ber- 
zelius as (CgoHyO^, NH4O), 2 aq, or as a compound of the colligate, 
C20H9O2, with oxide of ammonium and water of crystallizpdtion. 
This irfodc of viewing the compcisition of certain vegetable bases 
acquires support from the discovery that, by the direct union of 
ammonia with a limited class of neutral substances, such as oil of 
mustard, and oil of bitter almonds, a number of liasic compounds 
may be obtained, which present a striking analogy both in com- 
position and properties to many of the organic bases produced by 
living plants : but though the theory of Berzelius may be admitted 
in particular cases, it docs not appear to be generally applicable to 
the organic alkalies. 

A diflerent view was suggested several years ago by Liebig, 
who, finding that these bases gave no evidence of the presence of 
ammonia read^ formed ,within them, suggested that they might be 
compounds containing II2N, amidogen ; and that they might be 
derivatives from ammonia, i\i which an equivalent of hydrogen had 
been displaced by an organic group : he even ])redicted that if it 
should be found possible to dis^dace this equivalent of hydrogen by 
ethyl, or by some electro-negative hydrocarbon, a powerful volatile 
base would probably be obtiiined. Tliis sagacious conjec^ture has 
since been fully verified by the discoveries of Wurtz and Hofmann, 
who have succeeded in obtaining the very compounds anticipated by 
Liebig ; and Hofmann, as we have already scon, lias extended the 
process of substitution much furtJier. Lieljig^s view, with the 
extension and modifications required by the progress of discovery 
in tliis direction, admits in many instances of being happily applied 
to the natural vegetable bases, since these bodies themselves can 
be subjected to operations analogous to those which arc applied in* 
the formation of the alcohol bases ; and portions of the hydrogen 
which they contain may thus be displaced by basic hydrocarbons : 
for instance, conia, (C20H24,H,N), may be converted into ethyl-conia 
{Ci0n]4, C4H5, N), by displacing an equivalent of hydrogen ])y one 
of ethyl. The number of exchangeable equivalents of hydrogen 
in the different bases depends upon the molecular constitution of 
the particular base under experiment. 

But the hydrocarbons either originally existing in the base 
or subsequently introduced into it, may also experience a change 
in their components by a species of iecondary substitution 



218 


TUK Al.lCAtUlDS^ 


by chlorine or bromine, whilst thQ general basic properties of the 
compound remain unclianged. Aniline (C13H5, H2N) for example, 
may be represented as ammonia in wliich one equivalent of 
hydrogen is dis])laeed by (phenyl); but aniline may lose 

a part of its liydrogen, and receive chlorine in its place, without 
havyig its basic character destroyed, becoming chloraniline 
lljjN) : and even may be i substituted for a portion of the 

liydrogen in aniline, while the hew body (nitranilinc, C12H4NO4, 
II3N) still retains its power of forming salts with acids. Nitranilinc 
affords jin instance of the artificial formation of an alkaloid con- 
taining two equivalents^ of nitrogen; and examples of the occur- 
rence of bases which contain more than one equivalent of nitrogen 
arc not wanting among the jiroducts of organic nature. The 
relations of aniline to chloraniline and nitranilinc, may be repre- 
sented ill the following maimer : — 
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Ilofnianu in the course of his researches upon aniline, dis- 
covered anotlicr method of combination whieli is worthy of remark, 
since it exjihiins a second mode in which an additional equi- 
valent of nitrogen may bes introduced into the alkaloid without 
increasing its liasic powijr ; — cyanogen unites directly with aniline, 
forming a body, tlie composition of which is represented liy 
C1.JT7N3, but which is evidently not a hydrocyanatc of aniline 
(repv(!sentcd by tlu' formula C|2n7N, HC2N), but a new body, 
cyamllne^ wjdeh possesses basic properties, and enters into combi- 
, nation with acids in the proportion of .one equivalent of acid to 
each equivahmt of aniline which the new base contains. 

It is evident that changes such as these affect that portion 
only of the compound which, like C12H5 in aniline, has been intro- 
duced into the ammonia by snlistitution ; the compound retaining 
the basic power which it originnlly derived from the ammonia, 
upon the type of wliich it has liceii constructed. When this type 
is destroyed, the basic power of the compound disappears. For 
example, just as oxalate of ammonia, by the abstraction of the 
elements of four equivalents of water, loses its saline character, 
and becomes converted into an indifferent insoluble body, oxamide' 
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and this by the further abstraotion of four more equivalents of 
water furnishes cyanogen (J046) ; so oxalate of aniline^ by losing- 
four equivalents of watei% becomes oxanilide ; and by abstraction of 
four more equivalents of water becomes oxanilo-nitrile, or phenylo- 
cyanogen^ which still retains an equivalent of nitrogCM intimately 
combined both with carbon and hydrogen, but which has •lost 
its relationship or homology with ammonia, and with it has also 
lost its basic character. Thus : — 

Oxalato of Aniline. Oxanilide. 

27 c, ,,U,, 11 ., NO) c,d„ = T(C,Ji„ IIN) C,o7 + 4 no ; and 

Oxanilido . Phen vloeyanopen . 

2'7CiJI,, HN) C,0 , = + 4 HO. 

(1061) The remarkable parallelism in properties of the salts 
of the organic bases with those of ammonia, will be rendered still 
more evident by the following additional particulars : — 

Many of the vcgcjtablo bases may be obtained like ammonia in 
the anhydrous state : sni*h, for instance, arc cinchonia C4,jH2i.Nji02, 
and strychnia avd the same is the casC’almost wdtliout 

cxcej)tion with the aniline efass. These anhydrous bases comhiue 
directly with the hydraeids like ammonia, and do not require any 
addition of the elements of water ; hydrochlorate of cinelionia, 
for example, consists of (C.i()n2i.N202, 2 IICl) : but, as is the case 
also with ammonia, wdicnever these bases unite udth the oxyacids, 
an equivalent of water is essential to the production of the salt ; 
sulphate of cinchonia, for instance, which contains (01,01124^202, 

2 IlOj^SOa, ^ equivalents of water of crystallization hy 

licat, but the remaining 2 equivalents cannot be expelled without 
dccomiiosing the salt. Tlic double salts which the organic bases 
form, also closely resemble the corrcs])oiiding compounds of 
ammonia : — for example, with bichloride of platinum they yield 
yellow crystalline double eh]orides of sparing solubility: these coni- • 
pounds are of considerable importance to the chemist, since they 
furnish him with very accurate means of determining the equiva- 
lent number of the vegetable base. Terchloride of gold also forms 
with them similar eompounds, which Hofmann has proposed to 
employ for the same purpose. Most of the organic bases also 
furnish nearly insoluble white precipitates wdien their solutions are 
mixed with one of corrosive sublimate : and a solution of the mix^d 
sulphates of quinia and persulphate of iron, yields by spontaneous 
evaporation crystals having the octohedral form of alum (Will). 
Octohedral crystals are also obtained when a solution of sulphate 
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of eonia^ which is an analogue of ammonia^ is mixed with one of 
tcrsulphate of alumina, and left to spontaneous evaporation. 

In addition to these compounds there arc some others peculiar 
to this class of bodies. Solutions of salts of the vegetable bases 
for th(^ most part, when mixed with biniodide of potassium, yield 
precipitates insoluble in water, but soluble in boiling alcohol, 
from which they crystallize on eooling. It has been proposed to 
use these compounds in determining the bases quantitatively for 
tlie purposes of analysis. For this purpose the precipitate formed 
by the biniodide. is placed in very dilute sulphuric acid and treated 
with fragments of zinc ; iodide of zinc and protiodide of the base 
are dissolved ; and on the addition of ammonia in excess, the vcgc- 
talilc alkali is precipitated, whilst the zinc is retained in solution. 
In some eases it is ft)und preferable to throw down both the oxide 
of zinc and the alkaloid by means of carbonate of ammonia ; the 
precipitate after washing with water is treated with boiling alcohol, 
which dissolves out the alkali, leaving the oxide of zinc ; and on 
evaporating the alc.oholic solution, the alkali is o])t'ained in a state 
of purity. 

Nearly all the organic bases form' insoluble curdy precipitates 
with gallotaiiiiic; acid : indeed, this acid is one of the most comjdete 
precipitants of the vegetable alkalies. These gallotannatcs, when 
heated, melt to a resinous mass, and are soluble to some extent in 
boiling water; they are also dissolved freely by boiling alcohol. 

The action of tartaric acid upon the vegetable bases is analo- 
gous to that which it exerts on many of the inorganic bases : for 
instance, the tartrates of iron, of copx)er, and of some other metals, 
are not preci])itated by the addition of the alkalies to their aqueous 
solutions ; but tartrate of lead is decomposed with separation of 
the metallic oxide. So it is with many of the organic bases ; the 
tartrates of brucia, of quiiiia, and of morphia, are not precipitated 
by an cx«‘ess of potash or of soda ; by converting these organic 
bases into tartrates and adding an excess of an alkaline solution, 
they may be separated fi’oin strychnia, cinchonia, and narco tine, the 
tartrates of which are decomposed in the usual way on the addition 
of potash or of ammonia. 

The greater number of the vegetable bases, when in solution, 
produce the phenomenon of h ft-handed rotation on a ray of polar- 
ized light. The artificial bases in general do not possess the power 
of affecting a polarized ray (Laurent). The left-handed rotation 
exerted by narcotine becomes right-handed when this base is 
combined with acids ; and, generally speaking, the effect of the addi- 
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tiou of an acid to the base is to reduce its power of rotation, though 
with quinia the rotatory power is exalted by the addition of an 
acid. 

Artificial Formation of Organic Bases, 

(1062) It has already been stated that many oi«ganic bases 
may be prepared by artificial means, several of those derived from 
the alcohols having been fully* described (1027 et seq.) All 
attempts at obtaining those which occur naturally in plants have, 
however, hitherto been unsuccessful. The followdng arc the prin- 
cipal processes resorted to for the purpose of ijreparing organic 
bases artificially : — 

1. By destructive distillation of organic bodies containing 
nitrogen. 

2. By distillation of the organic alkalies with hydrate of 
potash (Gerhardt) ; and of the cyanic ethers, witli hydrate of 
potash (Wurtz). 

3. By combination of ammonia with certain volatile oils, and 

subsequent moderate Ijcating of the product with solution of 
])otash (P^ownes). • 

4. By reduction of nitrous derivatives of the hydrocarbons by 
means of sulphuretted hydrogen (Zinin). 

5. By substitution of tlic alcohol radicles for liydrogcn in 
ammonia, by the action of hydrobromic, or hydriodic etlicrs, upon 
ammonia (Hofmann). 

6. By substitution of the alcohol radicles for hydrogen in phos- 
phuretted, arseniuretted, and antimoniuretted bydrogen, by pro- 
cesses analogous to those last mentioned. 

1. Destructive Distillation of Substances containin a Nitrogen . — 
This method constitutes the foundation of the manufacture of 
ammonia, wdiich is always the pri^icipal basic substance thus fur- 
nished; but since .the ammonia is, during this operation, brought 
into contact with hydrocarbons and with other products of distil- ^ 
lation, in their nascent state, the elements of the ammonia react 
upon these bodies, and produce a small quantity of other bases, 
homologous with, or derivative from, ammonia. In the preparation 
©f coal-gas, for instance, four, at least, of these compounds come 
over along with the coal-tar : these are aniline, or kyanol ((haHjN); 
picoline, a base isomeric with aniline ; quinoline, or Icukol Cij^HyN ; 
and pyridine (CioHgN). Stenhouse has shown that when vege- 
table matters rich in nitrogen, such as the seeds of the legumi- 
nosjB and of the cereals, are distilled in a similar way in vessels 
excluded from the air, in addition to ammonia, largo quantities 
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of volatile oilj^ bases come over, the nature of which varies with 
that of the compound distilled {Phil. Trans, ^ 1850) : and the de- 
structive distillation of bones furnishes an empyreumatie oily liquid, 
known as Dippers oil, which contains a variety of analogous bases. 

2. Action of Potash 071 Organic Bodies , — Sometimes the azotised 
mafeers, instead of being distilled alone, are mixed with hydrate 
of potaslj, and submitted to tliejhction of heat. In this way ani- 
line is abundantly obtained from indigo, and quinoline from 
quinia and einc)ionia; quinoline is also obtained by similar means, 
though in smaller proportion from strychnia. Mr. Greville 
Williams finds that several other volatile bases, including pyridine 
and sevci’al of its horaologucs, arc formed at the same time. 
Although, thcrcfoi‘c, the following equations do not represent the 
w'liolc of the reaction which occurs under these circumstances, 
they will serve to point out the simple relation between quinoline 


and these bases 

: — 
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In like manner aniline is obtained from isatin ; — 


Tsafin. Annim*. 

-f 4110 = cChS" + 4CO2 -h IL,. 

The carbonic acid })roduced during these operations remains in . 
combination with the potash, whilst the liydrogcn escapes. It 
was by distilling the cyanic and cyanurie ethers with hydrate of 
potash that Wurtz discovered the remarkable bases, methylia, 
(‘thylia, ami amylia; the reaction being analogous in all these 
cases (1007) : — 

Kthor. Ethylia. Carb. Potash. 

C,11,0, 0^0 -f 2 (KO, IIO) = 4- 27KOrc^. 

3. Anotlier process consists in combining ammonia with certain 
of the volatile oils. The couijbmnd obtained in this manner in 
some eases, without further treatment, exhibits the properties of 
an alkaline base ; but in other instances a neutral body is 
formed, which, when treated with a solution of potash, is converted 
into an isomeric substance, possessed of basic powers. An 
example of the first kind obcurs when oil of mustard is treated 
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with ammonia: it thus forms a ^powerful crystalline hasc_, whicli, 
when mixed with acids, at once unites with them, and forms 
crystallizable salts : — 

Oil of Mustard. Thiosinamine. 

becoming JI., ^ ' * 

or the sulphuretted urea of the allyl series : whilst an instance 
of the seeond kind is afforded by hitter almond oil, which, on 
uniting with ammonia in the proportion of 3 equivalents of the 
oil Avith 2 , equivalents ammonia, loses 6 equivalent's of water, and 
forms the neutral body, hydrobenzamidc : — 

Oil of Bitter Almonda. Hydrolionzamide. 

+ 2 n,isr = -f 6 no. 

When these crystals of hydrobenzamide are boiled with a solution of 
caustic potash for some hours, they are gradually converted into 
benzoline (amarine), an alkaline body insoluble in water, which has 
the same composition as hydrobenzamide, and forms beautiful 
salts with acids. In a sicnilar manner Fowncs prepared furfur ine 
by acting on the compound of furfurole and ammonia witli 
potash : — 

Furfurole. Furfuramido. Furfuramide. Furfnrine. 

4. A fourth process for artificially obtaining organic bases is 
the remarkable one invented by Zinin. Mjiiiy compounds of 
carbon and hydrogen, such as benzole, toluole, and riaplitlialin, 
when treated with strong nitric acid, lose an equivalent of 
hydrogen, whilst an equivalent of peroxide of nitrogen takes its 
place ; in this way benzole is converted into nitrobenzole, — 

Botizole. In itrobonzole. 

C;^- + NO, = C^iCnO? + HO; 

toluole C14HS into nitrotoluole (C14H7NO4), and naphthalin (C^oIIh) 
in nitrpuaphthalin (C20H7NO4). These new compounds are soluble 
in alcohol; and Zinin found that, after saturating the alcoholic 
solution with dry ammoniacal gas, and then transmitting sulphu- 
retted hydrogen, the solution, if left to 'itself, deposited sulphur: 
'water was formed at the same time, whilst the whole of the 
oxygen was removed from the original compound, and a new 
substance, possessed of basic characters, was formed in the solu- 
tion. This substance in many instances might be obtained in 
crystals on evaporation, Nitrobenzole is thus converted into 
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aniline, nitrotolnole into toluifline, and iiitronaphtlialin into napli- 
thalidine; thus; — 

Nitrobenzole. Aniline*. 

+ CHS = 'c„hJh,n’ + 4 HO + 6S; 

l*riln)l/:>liv'l<'. Tohiidine. 

^ C~TI^), + fills = + 4HO + 6S; 

Ni f roi i!i I >li 1 1 1 Nfiplithalidine . 

+ 6 IIS = aoHy, h„n + 4 ho + 6 s. 

In each case the whole of the sulpliur is precipitated, whilst % 
equivalents of hydrogen enter into the combination instead of the 4 
equivalents of oxygen which are removed. The object of adding 
ammonia in the first instance is merely to retain the sulphuretted 
hydrogen in solution, so that the reaction may have time to take 
place. A large number of new bases have already been formed 
by this proeess, and numerous others will, no doubt, shortly be 
discovered. Bechamp has shown that by treating nitrobenzole, 
and other nitrous derivatives of the hydro.carbons, with protacetate 
of iron, they are reduced ; the protoj^idc of iron becomes converted 
into sesquioxide, and is most hi it pr'ecjpitated in the form of a 
basic sesquiacetatc of iron, whilst an organic base is. formed ; and 
this nudhod is even preferable to Zininas : — 

IVitrolxMizole, Protacet. oflron. Aniline. Basic Peraeet. of Iron, 

CVI.NCh 4- i2"^eO,A?) -f 2HO = d 12 Ac. 

All the bases thus procured arc destitute of oxygen : they 
resemble ammonia in their mode of combination with oxyacids, an 
equivalent of water being essential to the formation of these salts ; 
sulphate of toluidinc, for ('xample, consists of 110, Cj^Il^N, SO3. 
Lieliig and AVdhlcr have also formed tM^o bases, termed thialdine 
and sehmaldme (CiglligNScJ, in which sulphur and 
, selenium anj constituent elements. They are procured by the 
reducing agency of sulphuretted hydrogen and sclcniuretted hydro- 
gen respectively, U])on an aqueous solution of 3 cquiva^its of 
aldehyd-ammonia : thus in the case of thialdine : — 

AMchyd Ammonia. Thialdiue. 

3(C^0j, H3N) + 6 ns ■ = 4. 2(H,NS) + 6 HO. 

(1063) The following order will he observed in the description 
of such of the organic bases as, from their important applications, 
their bearing upon other groups, or from the mode of their forma- 
tion, seem most worthy of notice ; — 
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A. Artifiqial Bases, 

I . Bases whicli do not contain oxygen ; 

a. Aniline series ; 

b. Pyridine series ; 

c. Quinoline series 

!Z. Bas(?s obtained by tlic action of ammonia upon certain 
essential oils. 

3. Bases obtained by tlic substitution of electro-negative radicles 
for hydrogen in ammonia. 

B. Natural Bases, 

1 . Volatile oily bases destitute of oxygen : — 

Conia ; — Nicotia ; — ^Sparteia ; — 

2 , Oxidized bases ; 

a. Bases of the cinchonas ; 

b. Opium bases; 

c. Alkalies from pepper; 

d. Alkaloids from the stryelmos tribe ; 

e. Other less known b/i^^cs ; 

f. Caffeine and Theobromine. 

A. AiiTiFfciAL Bases. 

I. Volatile bases tvhich do not contain oxygen, 
a. Aniline series (C^H,,_7)H2N. 

(1064) Aniline, Kyanol, Phenylamide, Phenylia, Crystalline ^ 
or Benzidam (C12H7N = €^2^15, H2, N). Sg. gr. of liquid 1*020, 
of vapour 3*210. — This remarkable base may be pi’opared from 
several sources, and by a variety of reactions. 

1. It is contained in small qiuinlity among the products of the 
destructive distillation of coal in the process of gas-making. 

2. Nitrobenzole is con^^erted by hydrosulphatc of ammonia 
into aniline and water, whilst sulphur is deposited, 

+ 6 IIS = C12H,, H2N + 4 no + 6 S. 

A similar reduction takes place under the influence of protacetatc 
of iron, or of a mixture of zinc and hydrochloric acid. 

3. It is also furnished by the distillation, with lime, of nitro- 
toluole, or of its metamerides, salicylamide and anthranilic acid, 
all of w^jich substances furnish aniline and carbonic acid ; thus : — 

Nitrotoluole. Awiline. 

' C^HyNO^' = 3 CO2 + C12H5, HaN. 
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The product from salicylamide is^ always accompanied by carbolic 
acid (110, Ci^HsO). 

4. One of the methods by which aniline is most abundantly 
and easily procured consists in mixing finely-powdered indigo with 
a concentrated solution of hydrate of potash, and submitting it to 
distf nation : the mass swells up greatly, and water, holding 
ammonia in solution, passes over, accompanied by aniline in the 
form of a brownish oil. This oil, when re-distilled, furnishes 
pure aniline, amounting to nearly one-fifth of the weight of the 
indigo. 

This base is a colourless, limpid liquid, of an agreeable 
vinous odo^ir and burning taste. It is very acrid and poisonous. 
Aniline remains fluid at — 4® F. When dropped upon paper it pro- 
duces a greasy stain, whi(Ji, owing to the volatility of the base, 
speedily disappears ; it boils at 360^ F. Aniline is a non-con- 
ductor of electricity ; it refracts light j)0werfully. When exposed 
to the air it rapidly absorbs oxygen, and becomes converted into 
a brown, resinous mass ; it is, tluwcfore, pecessary* to distil it in a 
current of hydrogen, or of car])ot]g(i acid. It is heavier than 
w^atcr, in Avliich it is soluble to a considerable extent ; but on satu- 
rating the li(]uid with sulphate of magnesia, the aniline is sepa- 
rated. Aniline has little or no aotion on test papers; it dissolves 
in unlimited quantity in alcohol, etlier, and wood spirit. 

IMost of the salts of aniline crystallize readily. They arc 
colourless, but if exposed to the air wdiile moist, they become rose- 
coloured. If a slip of deal be plunged into a solution of any of 
these salts, it gradually acquires an intense yellow colour. If an 
aqueous solution of a salt of aniline be mixed with a solution of 
chloride of lime, a deep blue colour is produced, which gradually 
passes into a dirty red. With chromic acid these salts strike a 
grc'en, a blue, or a black colour, according to the degree of con- 
centration of the solutions. Aniline produces a white precipitate 
in a solution of corrosive sublimate, and a gi'een crystalline pre- 
cipitate in one of chloride of coj^per. Both precipitatcs||pntain 
aniline in combination with the metallic chlorides. 

When a solution of liydroehlorate of aniline is mixed ,with 
one of nitrite of silver, nitrogen escapes in abundance, whilst car- 
bolic acid is separated in oily drops; owing to the reaction of 
nitrous acid on aniline ; — 

Auilino. Carbolic Acid. 

C^N + NO3 = + a N + HO. 
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Aniline acts powerfully upon the hydriodic ethers of the 
different alcohols, in the manner already explained (10:^7), and 
yields derived bases, such as ethylaniline [(C4H5, CigHg, H)N.] 
When mixed with the oxychlorides, or with the anhydrides, of the 
organic^ acids, aniline yields compounds which correSphnd with 
the amides. With acetic oxychloride, for instance, it produces 
acetanilide, and hydrochlorate of aniline : — 


Acetic Oxychloride. 


Aniline. 


Acetanilide. 


C4H3O, 

Cl 


C, H,0, 

+ 3(C,,H,N) = 

H 


Hydrochlorate of Aniline. 

N + C12II7N, HCl 


Aniline forms anilidatcd acids, anilides, dianilidcs, and aiiiles. The 
aniles correspond to the iniides of the ammonia group ; they con- 
tain the elements of i equivalent of a dibasic acid and i equivalent 
of aniline, minus 4 equivalents of water. The anilidated acids, 
which corrcspoujl to the amidated acids, are formed from 1 equi- 
valent of a dibasic acid alid one of aniline, with the separation of 
2 equivalents of water. The jiompounds enumerated in the follow- 
ing list afford examples of each of these classes of substances : — 


AfiMides, 

Formanilide C13H,, HN, C2 H O3 

Benzanilide ...... HN, 

Cinnamanilidc ^12^5, HN, ^18^703 

DianUides. 

Oxanilidc ...... 2(Ci3Tl5), HgNa, C4O4 

Succinanilidc 2(^13115), H2N2, C^H.iO^ 

Suberanilide *..... 2(Ci2H5), H2N3, C1QH12O4 


Anilidated Acids, 


Sulphanilic acid . ^ 

Oxanilic acid . 
Sjj^cinanilic acid . 
Camphoranilic acid 


HO, C12H5, HN, S2 O5 
no, C12H5, HN, C4O, 
HO, C12H5, HN, Cg II4 O5 
HO, C,2H„ HN, C2oHi4a 


Aniles, ^ 

Succinanile C13H5N, Cg H4 O4 

Caraphoranile CjaligN, C20H14O4 


Aniline combines directly with cyanogen, and forms a feeble 
base, termed cyaniline (C14H7N2), which contains the elements of 
1 equivalent of aniline and i of cyanogen. It is very unstable. 

PART III, s 
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Aniline is remarkable as yielding compounds possessed of 
basic properties, when portions of the hydrogen are displaced by 
chlorine or by bromine. Tlicse compounds are best obtained by 
decomposing clilorisatin, dichlorisatin, and trichlorisatin, by means 
of^hydratd of potasli (p. 41 ). 

ChloranHine (C12H4CI, HgN) is a weaker base than aniline, 
and is obtained in white, fusible, volatilizable, crystalline needles ; 
its salts have a strong disposition to crystallize ; and, like those 
of aniline, they impart a yellow colour to a slip of deal. Dichlora^ 
niline (CiallsCl^N) is still less basic in its characters than the 
foregoing substance ; and trichloranUine (CiaH^ClgN) is a very 
volatile crystalline compound, which is entirely devoid of basic 
properties. The corresponding compounds with bromine, in gene- 
ral properties closely resemble the chlorinated forms of aniline. 

The action of chlorine in these cases is very interesting : 
although the introduction of a single equivalent of this body into 
the composition of aniline docs not destroy the basic character, 
yet the eleetro-negative power of chlorine is exhibited in the 
diminution of the basic energy pos^ 4 ^§^sed by the new group, as com- 
pared with that of aniline ; each successive addition of chlorine 
weakening the basic property, until it disappears altogether in 
trichloraniline. 

Dr. Hofmann, by whom these bases were discovered, has also 
succeeded, in conjunction with Dr. Muspratt, in preparing a com- 
pound which is termed nUraiiiiinCyil^.fy^ ^O^, Il^N ; this body also 
forms salts witli acids ; it contains an equivalent of peroxide of 
nitrogen in the place of an equivalent of hydrogen. Its basic 
projicrtics arc, however, very feeble. 

Hofmann represents aniline as phenylarnine, or a derivative of 
ammonia, in which i equivalent of hydrogen is displaced by a 
hydrocarbon C,2ll5, termed phenyl. Neither phenyl nor its iodide 
have as yet been isolated ; but aniline may be procured by heating 
hydrated (carbolic (pheuie) acid in a sealed tube with ammonia : — 

Phcnic Acid. Aniline. 

ilO, Ci^HjO + H3N = 2 HO +^Ci2H6, H2N 

(1065) Several other oily hastw have been discovered, homolo- 
gous with aniline; forming part of a series, each member of which 
differs from the succeeding one in containing one equivalent more 
of the carbo-hydrogen (CjH,). The bases of this class may be 
obtained from a series of hydrocarbons, of the form (C„H„_8). 
These hydrocarbons when treated with nitric acid yield substitution- 
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compounds, in which one equivtilent of hydrogen is displaced by 
one of peroxide of nitrogen (NOJ; and from this nitro-compound, 
the corresponding base may be obtained by Zininas process with 
hydrosulphate of amfnonia (1062) : — 


Hydrocarbon g) 


Nitro-substitute O4) 


1. Benzole . 

2. Toluol o . 

3. Xylole . 

4. Curaole . 

5. Cyruole . 


: a 

■ 8 “h“ 


XitrobenzoJc • . 
Nitrotoluolo * . 
Nitroxylolc . . 

X itrocuniole 
-Nitrocymole 


c,,H, mh 

C^yll iilN 




Aniline . N 

Toliiidiuo CiJT,, X 
Xylidino . GigH„X 
Ciimidine . 

Cymidine . Coglli^N 


These bases of the aniline series belong to Hofmann's class of 
ami (logon l)ases, one o(]ui valent of liydrogen having been displaced 
by the hydrocarbons, Ciallg, Cnjlh), &c. ; tlu^y still retain 

two ccjuivalents of hydrogen in a form suscieptible of displace, nent 
by an ecjual number of ecpiivalcnts of the alcohol radicles. 


{b) Pfjridine Bases N. 

(1066) A scries of bases, however, exists, each member of 
which is mctamcric with on(? of those belonging to the aniline 
group ; but in the alkaloids of this class, none of the hy(b‘ogeii 
admits of displaeinnent by the alcohol radicles ; conse(]uently they 
must be regarded as belonging to Hofmann's subdivision of nitrile 
bases. They boil at a lower temperature than the corresponding 
bases of the aniline series. These compounds have been principally 
investigated by Anderson, and by Grcville Williams. Tlu^y are 
furnished by the destructive distillation of a bituminous shale from 
Dorsetshire ; and many of them arc also contained in the products 
of the distillation of bones, and of pit-coal. The following table 
exhibits the metamcric pairs of the aniline and pyridine groups : — 



Auiliue sprites. 

! Pyridine series. 

Formul®. 



Specific 


Iloilinff 

Speoific 



.Point, 

(i^ruvity. 


Poml. jOravily. 


ITukiiown . . 



Pyridine . . 

240 


N 

Aniline . . 

360 

1*080 

Pieoline . . 

271 

O'MS 

o,;h, n 

Toluidiiic . . 

388 


Lutidine . , 

310 


C,„H„N 

Xylidine . . 



Collidine . . 

35<5 

0*921 

c„H,;,isr 

Cumidine . . 

437 

0952 

Parvoline . . 




Cymidine . . 

4^2 


Unknown . . 1 




The bases of the pyridine series eorrespond to ammonia in 
which the three equivalents of hydrogen have been displaced by 
1 equivalent of a hydrocarbon, such as (CioHs)* or (C^gHy) j each 
of these hydrocarbons constitutes a triatomic groups corresponding 

s 2 
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to three equivalents of hydrogen : none of the hydrogen in these 
hydrocarbons admits of displacement by the alcohol radicles, but 
Anderson has succeeded in obtaining frqin the pyridine scries some 
remarkable bases into the composition 6f which platinum enters. 
Tl^esc bases have the closest connexion with those ol)tained by the 
action of ammonia on the chlorides of platinum (828). The two 
platinum bases from pyridine ai’c : — 

Platinopyridine = CioHgPt N, or CioUg 2 (iPt), N. 

Platosopyridiue = CjollaPtgN. 

In the first of these compounds two equivalents of hydrogen in 
the hydrocarbon CjoIIe, have been displaced by one equivalent of 
platinum, which here performs the function assigned by Gerhardt 
to ‘platinicum (pt., cq. 49, sec note to 828) ; Mdiilst in the 
second compound the two equivalents of hydrogen are displaced 
by two equivalents of platinum, the metal here discharging the 
function assigned to it by Gerhardt as platmo^mn (Pt., eq. 98). 
Picoline yicld^s similar compounds with platinum. 

When the alkaloids of the pJ^Yidino group Jire treated, with 
iodide of (^thyl, compounds are formed belonging to the class of am- 
monium bases. Anderson has thus obtained iodide of ethylopyrU 
ilium CiH-,N, I), and iodide of ethylopicolium (Ciall;, 

€411555’, 1 ). The hydrated oxides, procured by acting upon these 
compounds with oxide of silver, are not volatile, and are strongly 
basic. 

Picoline (CJ2H7N) is the best known base of the series to 
which it belongs. It is usually extracted from coal tar or from 
DippeVs oil (a product of the destructive distillation of bones), by 
treating it with hydrocliloric acid, and distilling the hydrochloric 
solution with lime. The volatile bases which pass over are sub- 
mitted to fractionated distillation, collecting separately those parts 
which come over at about 270°. Picoline is also obtained when 
piperinc (1082) is distilled with hydrate of potash. Picoline is a 
colourless, very mobile, oily liquid, of a penetrating odour. It is 
lighter than water (sp. gr. 0*955), and l)oils at 271®. It is gra- 
dually volatilized by exposure to the air, and it does not, like 
aniline, become brown under these circumstances. By this fact, 
as well as by its lower boiling point, and smaller density, picoline is 
at once distinguished from aniline. Picoline is soluble in water 
in all proportions. It is not coloured violet by chloride of lime, 
and is not affected by the addition of chromic acid to its solutions. 
The salts of picoline crystallize with difficulty, and many of 
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them are deliquescent. The hydrochlorate forms deliquescent 
prisms. 

(c) Quinolin^eries of Bases , N. 

(1067) In addition to the members of the aniline and pyridine 
series^ coal tar contains a third series of bases of which quinoline 
is the most important member. ^Three bases of this class are 
at present known^ viz. : — • 



Boiling 

Point. 

Specific Gravity. 
Liquid, j Vapour. 

Quinolino . . . Cj^TIy N 
Lepidine . . . N 

Cryptidiiio . . C22H,,N 

462° 

510° 

5^5°? 

ro8r 

I‘072 

4SI9 

5M 


They combine with the hydriodic ethers, and form compounds 
corresponding to ammonium; quinoline, for instance, yields with 
iodide of ethyl an iodide of eikyloquiuoliuni (CigH;; C4ll5,N, I). 
These compountls, therefore, like those of the pyridine group, 
belong to the class of nitrile liases. * 

Quinoline or Leukol (Ci^jllyN), Sp, gr, of liquid i’o8i, of vapour 
4*519, — This alkali is readily obtained by decomposing cinchonia 
with hydrate of potash : the resinous mass which is separated 
under the name of quinoidine, during the preparation of tllfe salts 
of quinia, also yields it by similar treatment. Fragments of the 
hydrate of potash are placed in a tubulated retort, moistened with 
a few drops of water, and powdered cinchonia is added in small 
quantities at a time ; on applying Tfeat, the new base passes over, 
accompanied by free hydrogen; if^he product be redistilled, an 
aqueous solution of ammonia with portions of the base pass over 
first, and the latter portions consist of nearly pure quinoline!, which 
may be rendered anhydrous by a second rectification, after it has 
stood for some days upon cljoride of calcium. 

Quinoline is a colourless oil of high refracting power ; it has a 
disagreeable penetrating odour, and a bitter acrid taste. It remains 
liquid at —4'^. At 46^;° it boils, emitting a vapour which burns 
with a smoky flame. When exposed to the air it slowly becomes 
converted into a resinous mass. If dropped upon paper it leaves a 
greasy stain, which quickly disappears. It is dissolved sparingly 
by water, but it is soluble in all proportions in alcohol, ether, 
wood spirit, and bisulphide of carbon, as well as in the fixed and 
essential oils. The nitrate, the oxalate, and the bichromate of 
quinoline, crystallize with facility ; many double salts of quinoline, 
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such as those which it forms with^ platinum, gold, palladium, and 
cadmium, may be obtained in beautiful crystals. The platinum 
salt is nearly insoluble in water. 

A fourth scries of bases, provisionally termed pyrrol bases by 
AniVcrson, is contained in DippePs oil : they have been but incom- 
pletely examined, but are charaoterized by yielding a red resinous 
matter when decomposed. Anderson regards them as bases of 
the pyridine series, coupled with the body which occasions this 
red colour. 

2. Bases produced by the action of Ammonia on Essential Oils, 

(1068) During the process of obtaining formic acid by dis- 
tilling bran or oatmeal with peroxide of manganese and dilute 
sulphuric acid, a small quantity of an essential oil distils over, which 
may be purified by redistillation. To this body the name of fur ~ 
furole has been given. When pure it is colourless, but it 

quickly becomes brown by exposure to tke air. It has a fragrant 
odour, somewhat resembling that of* bitter almonds. It has a sp, 
gr. in the liquid form of i*j68, and in vapour of 3*34. Fiirfurolc 
boils at 3Z3®; it is dissolved by cold sulphuric acid, forming a 
beautiful purple liquid, from which on .dilution with water the 
oil is lepai’atcd uiudianged. If mixed with solution of ammonia 
in the cold, furfurole is gradually converted into a solid yel- 
lowish-white insoluble mass, 3 equivalents of fui’furole reacting 
uj)on 2 equivalents of ammoni^ while 6 of water arc separated ; 
^ This new compound 

belongs to the class of liydramidcs (1050), it has been termed 
furfnramide. Acids iramediatidy discompose it, a salt of ammonia 
is formed, and the oil is set at liberty. When boiled with 
jiotash, however, no ammonia is evolved; the. substance is com- 
pletely dissolved, and the solution on- cooling deposits long silky 
needles of a powerfully alkaline base w^hich is isomeric with 
furfnramide. 

Furfuria or furfuritte (C3oHi.>N.p,.)> as this base has been 
named, is inodorous and sparingly soluble in water; alcohol and 
ether dissolve it freely. It melts bclo^v 212° to an oily-looking^ 
liquid. It is dissolved by dilute acids, and completely neutralizes 
them ; on adding ammonia to these solutions, the alkaloid is 
precipitated unchanged. Its salts have a bitter taste ; they have 
been used medicinally, with success, as substitutes for those 
of quinia (Gregory). 
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Benzoline or amarine — When a solution of ammonia 

is allowed to remain for some days in contact with pure hydride of 
benzoyl (essential oil of bitter almonds), a reaction occurs analogous 
to the foregoing one with furfurole ; the mixture gradually becomes 
converted into a crystalline mass of hydrobcnijamide^ .this sub- 
stance is soluble in alcohol, but insoluble in water. If bailed 
with a solution of potash it assumes the appearance of a resin, 
and becomes changed into benzoline, which is a base isomeric 
with hydrobenzamide. The same change occurs if hydrobenzamide 
be simply heated for some time to a temperature between 250° 
and 265°. If the mass which is obtained by Qither of these 
methods be treated with boiling alcohol, it is dissolved, and the 
solution on cooling deposits the base in brilliant transparent four- 
sided prisms, which arc fusible below 212°. Benzoline is nearly 
insoluble in water, but it is readily dissolved by both alcohol and 
ether. Its salts, with the exception of the acetate, are sj)aringly 
soluble, and have an intensely bitter taste. When benzoline is 
submitted to dfistructivq^ distillation, a new base, pyrobenzoUne, 
or lophine (C42n]7N2), is fornu)d, amongst other pit)diicts, 

t 

3. Bases containing Electro-negative Radicles of the 
farm 

(1069) It will be unnecessary to allude further to the fifth and 
sixth methods (p. 235) of the formation of bases by the substitution 
of the alcohol radicles for the hydrogen in Jimmonia and phos- 
phuretted hydrogen, since this x)art of the subject has been already 
fully examined (1027, y if interesting circum- 

stance, that bases may also be obtained which contain the electro- 
negative hydrocarbons (C„U„_i) in the place of hydrogen. For 
example, Natanson (Liebig^s Annalen, xch. 48, and xcviii. 291), 
has succeeded in preparing a suiistance which he terms acetylamine, 
(acetylia) ; this body is a dgrivativc from aninionia, but it contains « 
an equivalent of Liebig^s electro-negative radicle acetyl (C4II3), 
in the place of one equivalent of hydrogen; acetylia being 
(C4H3, HgN = C4II5N) ; the same chemist has likewise isolated a 
compound corresponding in composition to hydrated oxide of 
ammonium; this new base may be termed hydrated oxide of 
acetylium, 64^13, H3N, O.IIO. 

Aceiylium, — ^Wlien Dutch liquid (C4H3CI, IICl) is heated for 
some hours to a temperature of 300*^ in a sealed tube, .with about 5 
times its bulk of a concentrated solution of ammonia, it is com- 
pletely decomposed ; a yellow liquid is formed, and crystals of chlo- 
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ride of ammonium arc deposited in abundanee ; if these be separated 
by filtration through muslin^ and the mother liquor be treated with 
oxide of silver^ it yields a decidedly alkaline solution, which absorbs 
carbonic acid from the air. The new base thus obtained is not 
volatile, its ^alts have a feebly acid reaction, and do not crystallize. 
If ita chloride bo mixed with a solution of bichloride of platinum 
it yields a wax-like mass, which has the composition of the double 
chloride of platinum and acetylium (C4H3, H3NCI, Pt CI2). Chlo- 
ride of acetylium, if slightly acidulated* with sulphuric acid and 
mixed with nitrite of silver, furnishes aldchyd in abundance ; — 

Chloridti of Acetyliura, ^ Aldehyd. 

4. AgO, isrOg = + 2 n 4- 2 ho + Agci. 

This reaction corresponds to that of nitrous acid on ethylia, by 
, which alcohol is reproduced whilst nitrogen and w^ater are 
liberated. 

The formation of this compound oxide of ammonium, in which 
three out of the four equivalents of hydrogen in ^ammonium arc 
retained, is certainly a very remarkable circumstance, and it 
affords one of the strongest arguments in favour of the ammonium 
theory. It also strengthens the probability that olefiant gas is a 
hydride of acetyl (C4II3, II). It may be remarked that hydrated 
oxide of acetylium is metamcric with aldehyd-ammonia, although 
so diflerent from it in properties : — 

Hydrated Oxide of Acetylium. Aldehyd-ammonia,’ 

= (VI4O3, NII3. 

Acetylia (C4II3, II2N), Sp. (jr, of liquid 0*975 ] of vapour 1*522. 
— If an alcoholic solution of the hydrated oxide of acetylium be 
distilled to dryness in a retort, and the temperature be then raised 
to about 300°, water again begins to escape, and at a temperature 
of 428^" yt'llowish oily drops of acetylia pass over. This body has 
* a peculiar persistent odour, which is aipmoniacal, and at the same 
time recalls that of aldehyd. It boils at about 425°, and docs not 
become solid at - - 13°. It is inflammable, and burns with a bluish 
white flame. It is insoluble in ether, but freely soluble both in 
water and in alcohol. Sodium exerts no action upon acetylia at 
ordinary temperatures. Dry reddeiied litmus paper does not 
become blue even when immersed in acetylia ; but if the base be 
treated with acids it forms salts wliich are identical with those of 
oxide of acetylium. If potash be added to a solution of these salts, 
the liquid does not emit the odour of acetylia, but exhibits the 
properties of a solution of hydrated oxide of acetylium. An 
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aqueous solution of acetylia produces in a solution of the salts of 
zinc, a white precipitate which is soluble in excess of the base. With 
salts of copper it gives a pale yellow precipitate, which is par- 
tially soluble if acetylia be added in excess, forming a bright blue 
liquid. It occasions a white precipitate in solutions o£ the salts of 
silver, but the precipitate is readily dissolved by an excess of the 
base, and if the solution be gcnMy warmed, a mirror-like coating 
of reduced silver is formed on the sides of the vessel. 

It is remarkable thati;hc oxide of acctylium should be so per- 
manent a body as to require a temperature of 300° for its decom- 
position although the corresponding compound* of ammonium 
undergoes decomposition as soon as it is formed at ordinary tem- 
peratures. Acetylia corresponds exactly with ammonia, and like it 
docs not form salts until it has assimilated an equivalent of water. 

Formyl also enters into the composition of a base (C^H, 
termed formylia, which is homologous with acetylia. 

If acetylia be treated with iodide of ethyl, ethyUaceiylia is 
obtained, a base which is represented by the formula C.jILj, C4II5, 
HN. Phcnylacetylia (C,j|,nj,%Ci2n5, HN) is procured by treating 
Dutch li(iuid with aniline instead of with ammonia : — 

Dutch liquid. Aniline. Hj’droohlorate of aniline. XTydrochloratc of jdienylacetylia. 

+ 2 (C^^H^N) = + c^H,, llCl. 

Acetylia also produces compounds corresponding to the amides. 
Thus, when butyric ether is mixed with an alcoholic solution of 

acetylia, crystals of butyric acetylamkle 0.1113 ^ N, are formed. 

H ) 

B. Natural Bases. 

I. Volatile oily ha^c.^ destitute of oxygen^ 

(1070) CoNTA (CifjHjgN.) is the active principle of the hemlock < 
{Conimn maculutmu) ; it pervades the whole plant, but is most 
easily obtained from the seeds. As it is volatile, it is obtained by 
distilling hemlock seeds with waiter wdiich contains a small quantity 
of potash in solution ; conia then passes over w ith the water in the 
form of a yellowish oil. When purified by redistillation, conia is 
a colourless, transparent, volatile, oily liquid of sp. gr, 0*89. It has 
a powerful, penetrating, most unpleasant and oppressive odour, like 
that of the fresh plant. A drop of it, when placed upon paper, 
produces a temporary greasy stain. It is soluble to some extent 
in water, but is much less so in hot than in cold w^ater ; ether 
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and alcohol dissolve it freely. It boils at 340® (Blyth), producing 
annnflammable vapour. 

According to Kckiile and Planta there are two homologous 
varieties of couia contained in the plant ; viz. conia (CigHigN)^ and 
methylconia ^CihHi 7N) : when either of these bases was acted upon 
by ibdidc of ethyl or of methyh new substitution bases were 
obtained^ furnishing the following series of eompounds : — 


Conia 

Methyl-conia . 
Ethyl-conia . 
Hydrated oxide of 
ethyl-mcthyl-coiiium 


= H (CieHi 4 )N 

(C,eII„)N 
= C4H5 (CioHiJN 

HO=C,H„ C2H3 HO. 


These experiments sliow that conia must be regarded as an imide 
base from wliich ammonium bases may be procured. 

When normal conia (C10H15N) is exposed to the air, it rapidly 
absorbs oxygen ; first becoming brown, and ultimately nearly solid. 
Conia has a powerful alkaline reaction; it neutnflizes the acids 
perfe(dly, and ptccipitates many of tljc metallic oxides from their 
salts ; in all its forms it is a most dfingerous poison. Its salts 
crystallize with difficulty ; if their solutions are evaporated in the 
air, tliey are decomposed, bcicoming red or violet in colour, and 
ultimately assuming a dark green or a blue tint. Strong sulphuric 
acid causes its compounds to become, first, of a yiurple red colour, 
and then of an olive green. W^ith nitric acid it gives a blood 
red colour, fading into orange ; but) ric acid is one of the products 
of this reaction. Conia nnites with cyanic ether, and forms 
immediately a compound urea : — 


Cyani<! Etiior. Conia. E^hy loony I urea. 

c^), 7 ^o + = (VI20NA, 


or 


2(CA)i 

2AH7) 

C.H5 

II 


N2 


(3070 his) Sparteia (CiJIjj^'N). — In the Spartium scopa- 
or common broom, Stenbouse discovered an oily base, 
to w^Hich he gave the name of sparteine. It possesses narcotic 
properties, is considerably heavier than water, and has a faint 
odour recalling that of aniline ; when pure it is colourless, but it 
gradually becomes brown by exposure to the air. It boils at 550®. 
With bichloride of platinum, and with corrosive sublimate, it 
forms double chlorides, which crystallize i^eadily; but its other 
salts are obtained in crystals with difficulty. The hydrocblorate 
appears to undergo partial decomposition if boiled with excess of 
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hydrochloric acid, and it emits an odour like that of mice. Both the 
base and its salts have an extremely bitter taste. Sparteine contains 
2 equivalents of hydrogen less than conia. The broom plant also 
contains a neutral, yellow, crystallizable principle, termed scoparin 
(C2oHiiOio)> to which its diuretic properties appear to owing. 

(1071) Nicotia, or (C10H7N) ; comb, vol. 2 \ 

liquid 1.027 at 66''j of vapour — This is another remarkable 

volatile base, which is destitute of oxygen. It is the active principle 
of the tobacco plant {JSTicotiana tabaami), in which it occurs in 
combination with malic and citHc acids. It is also contained in the 
smoke of the burning leaves. Nicotia is a limpid, colourless, 
oily liquid, with an extremely irritating and powerful odour of 
tobacco. It is very inflaramablc, and burns with a smoky flame. 
It may be distilled readily along w\th the vapours of water, or in 
a current of hydrog(m gas; though its boiling point is as h^gh as 
480°. If exposed to the air it absor])s oxygen, becoming brown, 
and ultimately solid. Nicotia is very soluble in water, and in 
the flxed oils ; it is vim soluble in all proportions in alcohol 
and ether. Ether, if agitatcfd with the aqueous solution, extracts 
the whole of the alkali ; and the ethereal solution rises to the surface 
Avhen the two liquids are left at rest. Nicotia is extremely poisonous, 
a single drop of it being sutticient to kill a large dog. It exerts 
left-handed rotation on a polarized ray. Its solution forms a 
white precipitate in a solution of corrosive sublimate, as well as 
in one of ac'etatc of lead, and of both the eliloridcs of tin. The 
white precipitate which it occasions in solutions of the salts of 
zinc is soluble in excess of nicotia. Salts of copper, with an 
excess of nicotia yield a blue solution, like that which they pro- 
duce when supersaturated with ammonia. 

Chlorine acts powerfully upon nicotia, producing with it a 
blood red liquid.. Iodine forms with the alkali a crystallized 
combination (2 CioH7N,T3^ which has a ruby red colour : potash* 
decomposes this compound, liberating pure nicotia. The salts of 
nicotia crystallize with difficulty : they are neutral, and arc very 
soluble in water and alcohol, but insoluble in ether, with the 
exception of the acetate. The proportion of this alkali varies 
greatly in different samples of tobacco. French tobacco contains 
7 or 8 per cent. ; Virginia, 6 or 7 per cent. ; and Maryland and 
Ilavannah, not more than 2 per cent., which is the proportion in 
ordinary snuff'. 

Nicotia appears to belong to the class of nitrile bases; the 
hydrocarbon (C10H7) which it contains, being equivalent in function 



to tlii tliMa ©qttiiralents of hydrogen in ammonia. This base 
mtOiB into direct combination with iodide of ethyls and with 
iodide of methyl; forming compounds which correspond to the 
iodide of tetrcthylium ; and .when these compounds arc treated 
with recently precipitated oxide of silver, they yield a powerfully 
alkalfne, inodorous, very bitter substance, which rapidly attracts 
carbonic acid from the air ; for example : — 

Iodide of Kfhyl- Hydrated Oxide of 

uieotium. ICthylnicotmra. 

CioHy, cji,. m 4. AgO, no = c,n,No, ho 4- Agi 

(Kckul^ and Planta, Licbig^s Annul., Ixxxvii. i). 

The best process for preparing nicotia is that employed by Scblce- 
sing. He evaporates the aqueous infusion of tobacco leaves to the 
, consistence of syrup, and adds twice its volume of alcohol of sp. gr. 
0*837. The liquid is thus separated into two layers ; the upper 
one, which contains tlic salts of nieotia, is decanted, concentrated 
by evaporation, mixed with a solution of potash, and briskly 
agitated with ether. The etiier dissolves the liberafed nicotia and 
some fatty matters, and rises Mitli tkem to the surface when the 
mixture is left at rest. In order to purify the alkali, powdered 
oxalic acid is added by degrees to the decanted ethereal solution. 
The oxalate of nicotia, being insbluble in ether, forms a dense 
syrupy layer at the bottom of the vessel. It is washed two or 
three times with pure ether ; and the nicotia is separated by the 
addition of a fresh quantity of solution of potash and ether. The 
etlicreal solution is decanted into a retort, j)rovided w ith the 
means of transmitting a current of dry hydrogen through it; the 
ether is then driven ofii and the residue exposed for twenty -four 
hours to a temperature of 284°, in order to expel the last traces 
of ammonia and ether ; after which the temperature is raised to 
356 , when the nicotia distils over, in a state of purity. 

(1072) Preparation of Bnvjf . — A full account of this operation, 
as performed at tiie Imperial tobacco works in Paris, is given by 
Pelouzc and Fremy [Trait e de Chimie, 2nd edition, IV. 437). 
The following is an outline of the steps of the manufacture : — The 
stronger kinds of tobacco are those which are preferred for the 
preparation of snuff. The leaves are spread out in thin layers 
upon a stone pavement, and moistened with about a fifth of their 
weight of chloride of sodium and water (sp. gr. 1*089). THie 
moistened leaves are next cut into blocks, and are then piled up in 
large rectangular heaps, in quantities of forty or fifty tons. These 
masses gradually enter into fermentation, and the temperature rises 





sometimeis as high as 170^, but.ustially it does not exceed 140^" If 
the temperature be allowed to rise too high^ some parts of the mass 
become blacky as though they had been charred. Spring and autiimn 
are the seasons most favourable for the commencement of this ope- 
ration, which requires careful watching, to prevent the»development 
of heat from becoming excessive. In about five or six montHb the 
temperature becomes stationary, 5)r begins to decline ; the heaps are 
then opened out, and the fermented mass is submitted to grinding. 
The pale brown, and comparatively, dry powder thus obtained, is next 
mixed with about four-tenths of its weight of the solution of chlo- 
ride of sodium, and is passed through a sieve, to ensure a uniform 
moistening of the mass ; after which it is packed in large oaken 
chests, capable of containing from twenty-five to fifty tons of the 
material. Here the snuft' remains for nine or ten months, and^ 
undergoes a second fermentation, in the course of which the 
temperature in the centre of the mass rises to 120° or 130°. 
During this process the snuff acquires its well-known dark colour, 
and the aroma is developed. The mass is, however, still far from 
uniform in quality, Ihrouj^lifout ; it is, therefore, * transferred to a 
second chest, in which operation all the different parts of the heap 
are thoroughly mixed together ; after the lapse of two months, 
it is a second time turned ofer, and, sometimes, a third transfer 
is deemed requisite. When considered ripe, the contents of the 
various chests are mixed in a large room, capable of containing 
350 tons of snuff. Here it is left for about six weeks, to render the 
entire mass uniform in quality ; and finally it is sifted into barrels 
for the market. The whole process of manufacture thus occupies 
from eighteen to twenty mouths. During the fermentation, about 
two-thirds of the nicotia is destroyed. A small portion of this 
base appears to exist in snufl', in the uncombined form ; but, the 
greater part of the portion still remaining, is left in the form of 
acetate : a certain amounjb of acetic acid having become developed 
during the fermentation. A portion of the decomposed nicotia 
becomes converted into carbonate of ammonia, which is par- 
tially retained by the snuff ; and the gradual volatilization of 
this salt appears to favour the conversion of nicotia into vapour, 
and thus to occasion the pungent odour for which snuff is valued. 
The proportion of citric and malic acids becomes diminished during# 
the fermentation ; so that ordinary snuff has an alkaline reaction. 
A certain quantity of a peculiar essential oil appears also to be 
developed during the operation ; and to the variable proportion of 
this oil, much of the difference in the flavour of the different varie- 
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ti<5S of Biiuff i« owing. The quantity of nitrate of potash which 
fresh tobacco contains, passes over, unaltered, into the snuff. 

It may be remarked, that to>)acco is one of the most exhaust- 
ing crops which can be grown upon any soil, since it carries off’ an 
enormous •amount of mineral constituents (the proportion of ash 
amohnting to not less than 21 per cent, of the dry leaf). Among 
these constituents, nitric acid is found in quantity often exceeding 
2 per cent, of the dry leaf ; whilst the salts of potash amount to 
more than a third of the saline residue. 

It is probable tliat the active principle of henbane or Hyoscy- 
amas 7 iiyer, is a volatile base, analogous to nicotia ; since a portion 
of it comes over when the plant is distilled with a solution of potash. 
Much of the alkaloid, however, is decomposed in this operation : 
its composition has not been determined. 

2. Bases tohich contain oxyyen, 

(a) Alkaloids of the Cinchonas, 

(1073) bark of the different \ nineties of Cinchona, 

several well characterized and important bases occur. '^Ilicy arc 
all closely related to each other in composition, and are found, in 
combination with kiiiic and kinotannic acids, in the bark. The 
most abundant of these bodies are cinrhonia and (jninia, each of 
wliich is accompanied by, or is convcrtililc into, two isomeric bases, 
termed resjieetively, cinchonidim and rinrhunicine, and (jtfimdine 
and quinicine. Besides these, a base termed arinne, or cinchovatinc, 
has been found in the bark of t\io cinchona ovata. Until recently 
it was supposed that the formula of cinebonia was and 

that of quinia C20II12NO2 ; but tlic researches of Stre(‘ker appear 
to indicate that these formuke must be doubh'd. Both cinchonia, 
and quinia form two classes of salts ; one class of which has 
•been regarded, until quite recently, as being basic, whilst the other 
was supposed to lie neutral : the common medicinal sulphate of 
quinia, for example, was viewed as the basic sulphate. If the formula 
of the base be doubled, however, this salt will be neutral, whilst 
that formerly regarded as neutral, must be an acid salt. The 
salts which these bases form with the «tmaller proportion of acid 
are very sparingly soluble in water, ])ut arc readily dissolved on 
the addition of any free acid. 

Quinia and cinchonia, as w^ell as oinchoiiidine, appear to belong 
to Hofmann^s class of nitrile bases ; since, when treated wdth iodide 
of methyl, or with iodide of ethyl, they yield bases of the ammonium 
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type. Hydrated oxide of ethijloquinium a (C^oHigNOa), C4H5O, HO 
is a powerful base, which attracts carbonic acid from the air : the 
iodide of methyloquinium consists of % (C20H12NO2), C2H3I. The 
iodides of the corresponding derivatives of cinchonia and cinchoiii- 
dinc, each consist of a (C20H12NO), C2H3I. Induced J>y these and 
other circumstances, Strecker doubles the old formula of ^hese 
alkaloids, representing quiiiia as 

Cinchonia and quinia, with their isomerides, are decomposed 
when distilled with hydrate of potash. Several volatile bases are 
formed, amongst which quinoline (1067) is the most abundant; 
and formiate of potash is left in the retort. 

Cinchonia and its isomeric congeners, arc most abundant in 
the pale Peruvian Hark. Quinia, and its isomeric companions, 
occur most abundantly in the yellow Hark, or cinchona cordi- 
folia ; whilst the red Hark contains both classes of alkaloids. 

Quinia, from its febrifuge and antiperiodic powders, is the 
most highly esteemed of these alkaloids for medicinal purposes; 
though it apifbars that qiiinidine possesses similar therapeutic 
virtues to a nearly equal cxt^int. 

(1074) J. CiN( T' ‘ crystallizes in large quadri- 

lateral prisms, whiel' . anhydrous ; they arc less soluble in 
akv’ohol than ([iiinia, and arc* insoluble in ether. Cinchonia is 
dissolved by solutions of the alkalies, and alkaline bicarbonates. 
At 329° F. it liises to a colourless liquid, which becoines a crystal- 
lines mass on cooling ; when healed fiivtlier it is partially volatilized ; 
but a portion, at the same time, nudcu’goes decomposition. It 
may be siibliincd, readily, in an atmosphere of hydrogen. Its 
salts are inteiisely bitter ; tln \ are precipitated by infusion of galls, 
a'ic well as by solutions ot the oxalates, tartrates, and gallates. 
Two equivalents of tlui hydrogen in cinehonia may be displaced 
by chlorine, and by bromine * the new compounds thus obtained 
retain their basic; characters. 

Sulphate of cinchonia (HO (CioH3.i,N202), SO3, % Aq) crystallizes 
in irregular prisms, which melt, like wax, at a little beyond 212°; 
when gently heated, it emits a phosphorescent light. If it be first 
moistened with water acidulated with sulphuric acid, it may be kept 
ill a fused condition for some hours; during which time it gradually 
passes into the sulphate of ciiichonicine (Pasteur). If heated more 
strongly it is converted into a resinous mass, of a beautiful red 
colour. The Bisulphate (2 HO, C 4 qH 24 ,N 202 , 2 SO3, 6 Aq) is very 
soluble both in water and in alcohol ; it crystallizes from a hot 
solution, in large, well-defined, rhombic octohedra. When cin- 
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chonia is dissolved in sulphuric acid, and heated with peroxide of 
lead, it produces a red-coloured compound; when mixed with 
chlorine water and afterwards with ammonia, no green tint is pro- 
duced, as occurs when quinia is similarly treated. Its salts are 
generally tnpre soluble both in alcohol and in water, than those of 
quii&ia. 

2. Cinchonidine (C 4 oH 24 N 20 a). — This alkali, which is isomeric 
with cinchonia, occurs naturally in certain varieties of cinchona 
bark ; and may be obtained by the spontaneous evaporation of its 
alcoholic solution, in hard, brilliant, striated, rhomboidal prisms, 
which are anhydrous, and insoluble in ether. Its solution in 
absolute alcohol produces left-handed rotation upon a polarized 
ray ; whilst cinchonia produces rotation to the right. Cinchoni- 
dine fuses at 347°, and, at a higher temperature, is decomposed, 
emitting an odour of oil of bitter almonds. 

When the solutions of the salts of this base are mixed with the 
caustic alkalies, or with the carbonates or bicarbonates of these 
bases, they give a white precipitate of cinchonidine, Vhi eh gradually 
becomes crystalline. Pliosphate qf soda, corrosive sublimate, 
nitrate of silver, and sulphocyanidc of ammonium, also give white 
precipitates in solutions of salts of cinchonidine. At a high 
temperature, the salts of cinchonidine pass into those of cinchoni- 
cine. The Sulphate (Cn,H2jN202,n0, SOg) crystallizes in stellate 
groups of silky needles, the solution of which is neutral to test 
papers. The hydrochlorate crystallizes in large, brilliant, rhom- 
boidal prisms, soluble in about twenty-seven parts of water. 

3. Cinchonieme is a third base, which has the same composi- 
tion as the tw'o foregoing ones. It is precipitated from its salts 
in the form of a resinous mass, which is freely soluble in alcohol. 
This solution causes right-handed rotation of a ray of polarized 
light. Cinehonicine is best prepared by the action of heat upon 

► the sulphate of cinchonine, in the manner already mentioned. 

{1075) 4, Quinia (C40H24N3O4, 6 Aq) is most abundant in the 
yellow bark {cinchona cor dij olid) y in which it occurs mixed with 
cinchonia, and combined with kinic and kinotannic acids. The 
quantity of the alkaloids varies in different specimens of bark, but 
the two together generally amount to 3-5 or 4 per cent. In order 
to extract the bases, the pulverized bark is boiled with 8 or 10 parts ’ 
of water acidulated with t part of oil of vitriol, or with 2 parts of 
hydrochloric acid. The liquid is strained through a cloth, and the 
residue is boiled twice with water less strongly acidulated. When 
the strained liquors are cold, milk of lime, or carbonate of soda is 
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added in slight excess, the precipitate is submitted to pressure, and 
then treated with hot alcohol. If the proportion of cinchonine be 
considerable, it crystallizes as the liquid cools ; and a fresh quantity 
is obtained by distilling off one half of the alcohol from the 
residue, whilst the quinia remains in solution ; the liquid is then 
neutralized with sulphuric acid. The separation of the two bl,ses 
is afterwards completed by crystallizing the mixed sulphates from 
a slightly acid solution ; the sulpl^ate of quinia being much the 
less soluble of the two, crystallizes first. The alkaloid is then 
thrown down from the sulphate by adding ammonia. Cinchonia 
and cinchonidine may also be separated from quinia by means of 
ether, which dissolves the quinia, and leaves the cinchonia and 
cinchonidine. 

Quinia may be obtained in crystals, though with some difficulty, 
by allowing its alcoholic solution to evaporate spontaneously in a 
cool place : silky needles arc thus formed ; they are dissolved 
much more readily by cold alcohol than the crystals of cinchonia. 
Quinia requires "hbout 350 parts of water for its solution. By a 
heat of 240°, 6 equivalents o^ water are expelled, and at a little 
above this point the alkali fuses into a resinoid mass, which may 
be distilled in great part without decomposition. Quinia is also 
soluble both in. the essential and in the fixed oils. 

Quinia yields crystallizablc salts ; but when these salts are 
exposed in solution to a strong light, or when they are treated 
with an excess of acid, they pass into a resinoid amorphous 
condition, and constitute the substance met with in the shops as 
quinoidiney which is also contained abundantly in the mother 
liquors from which the salts of quinia have been crystallized. The 
employment of an excess of acid in extracting the alkali from the 
bark should be avoided, since it appears to increase the formation 
of this uncrystallizable substance. Quinoidine is a mixture of several 
basic compounds, among which are all the alkaloids of the cinchona 
bark. In some instances as much as 50 or 60 per cent, of crys- 
tallized quinidine have been extracted from it by treatment with 
ether. Pasteur considers that the production of quinoidine might 
be greatly diminished if more care were taken in drying the bark 
upon the spot where it is collected. Exposure to the sun^s rays 
should be avoided, for it is found that direct sunlight has a remark- 
able influence in producing the change of the crystallizablc alkaloids 
into the uncrystallizable form. 

The salts of quinia have an intensely bitter taste ; they give 
abundant precipitates with tincture of galls, nitrate of red oxide 
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of mercury, and nitrate of silver, also with gallic, tartaric, and 
oxalic acids, and their salts. If quinia be suspended in water, and 
chlorine be transmitted through the liquid, the alkali is dissolved, 
and the solution passes successively through various shades of 
rose, vioktj and dark red. The following reaction is regarded as 
clij&'actcristic of quinia : when freshly prepared chlorine water is 
poured into a solution of one of- the salts of this alkali, and then a 
few drops of ammonia are added, a green colour is produced. 

The presence of cinchonia in the salts of quinia may be detected 
in several ways ; one of the best is that proposed by Liebig : lo 
grjiins of sulphate, or other salt of quinia suspected to be impure, 
arc placed in a test tube with 2 drachms of washed ether, and 20 
drops of a solution of caustic ammonia arc added. The mixture is 
briskly shaken, and on standing it separates into two layers, the 
upper one consisting of an ethereal solution of quinia, the lower 
one of an aqueous solution of sulphate of ammonia ; the cinchonia 
being insoluble in either liquid floats upon the surface of the 
watery layer. The fraudulent admixture of saliciriVith the salts of 
quinia is detected by the addition of a few drops of oil of vitriol to 
the salt ; if salicin be present it gives a red colour to the mixture. 

The suljihate of (juima, usually called the disulphaie, (HO, 
C4,)H24N204,S0y -f- 7 Aq), is the sdlt emidoyed in medicine : it crys- 
tallizes in snow-white, veay light, bulky, efflorescent needles, which 
are sparingly soluble in water, but abundantly so in dilute sulphuric 
acid and in alcohol. The acididated solution shows the pheno- 
menon of fluorescence (104) in a striking manner. Sulphate of 
quinia fuses easily on the application of heat, and emits a phos- 
phorescent light. An acAd suljjhute 2IIO, 2SO3, i4Aq), 

may be obtained by dissolving the foregoing salt in sulphuric acid 
and concentratijig the liquid ; it crystallizes in small needles, 
which are freely soluble in water, and in alcohol. 

A remarkable compound of iodirie and sulphate of quinia 
(C40H24N2O4I3, 2 110 , 2 SO3 4- 3 0 Aq), has been described by Dr. 
Herapath. 1 1 may be obtained by dissolving the bisulphate of quinia 
in concentrated acetic acid, and adding to the heated liquid, an 
alcoholic solution of iodine, drop by drop. After standing for a 
few hours, the salt is deposited in large flat rectangular plates, 
which when seen by reflected light are of a brilliant green colour* 
with a metallic lustre, like the wing cases of the blistering beetle. 
When viewed by transmitted light they appear of a pale olive 
tint, but the light so transmitted is perfectly polarized ; so that if 
a second plate cross the first at right angles, the whole of the light 
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is as completely arrested by tlie overlapping portions, as it would 
be by two overlapping plates of tourmaline, the axes of which cross 
each other at right angles (113). Qiiinia passes unchanged into 
the urine, and may readily be detected in this excretion from 
patients to whom it has been freely administered. , . 

5. Qumidine (C4()Il2.iN204, 4 Aq), is a base isomeric l^ith 
quinia. It is extracted from quiijioidine by treatment with ether. 
The ethereal solution if left to spontaneous evaporation crystallizes 
with facility, in long rhombic cfliorescent prisms. Tlie solu- 
tion of quinidinc in absolute alcohol produces right-handed rota- 
tion of a polarized ray (Pasteur), whilst a similar solution of 
quinine produces rotation to the left (Bonchardat). (iuinidinc is 
much less soluble in water than quinia, for it requires about 1500 
parts of cold water for solution ; but it is much more soluble than 
quinia in ether. When heated, it loses its water of crystallizr/ion, 
and it fuses at 320°. The acid sulphate of quinidinc is much less 
soluble than the corresponding salt of quinia; whilst the oxalate 
is freely soluble? in water, and may tlnis bo separated from the 
oxalate of quinia, which is^ sparingly soluble. * (Chlorine and 
ammonia produce a green coloration with the salts of quinidinc, 
similar to that which they occasion with those of quinia. 

6 . Quinicine is produced by*th(‘ action of heat upon the salts 
of quinia and quinidine. It is preeMpitated by alkalies in the form 
of a 'fluid resinous mass, which cond)ines readily with acids, and 
forms bitter uncrystallizabh^ salts, endued witli febrifuge i)roper- 
tics. These salts aremetarncric with those of quinine, tiuinicine 
is freely soluble in alcohol : tJie solution produces right-handed 
rotation of a ray of polariz(Kl liglit. 

The relation of the cinchona alkalies to polarized light is remark- 
able, and may thus be exhibited : — 

Quinia produces a powerful left-handed rotation. 

Quinidine ,, a j3owerful right-handed „ 

Quinicine ,, a feeble right-handed „ 

Cinchonia ,, a powerful right-handed „ 

Cinchonidine „ a powerful left-handed „ 

Cinchonicine „ a feeble right-handed „ 

Pasteur considers that quinia and cinchonidine each contain 
two active groups, one of which produces strong left-handed rota- 
tion, the other produces a feeble right-handed rotation. He also 
regards quinidine and cinchonia as each consisting of two grotips ; 
one of which exerts a powerful right-handed rotation, and the 
other a feeble left-handed rotation; and he supposes that in 

T 2 
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each of these bases, by the agengy of heat, the more powerful 
group is rendered inert, whilst the weaker one remains un- 
modified, thus occasioning the effects observed in quinicine and 
cinchonicine. 

7. Ancine or cinchovatine (C40H20N2O8). — This base is less 
abuhdaiit than the two alkalies just described. It has been found 
in a white variety of cinchona bark, and has been but incompletely 
examined. Aricine crystallizes in white needles, which are fusible 
at 370*^, but not volatile: it is soluble in ether; with nitric acid 
it strikes an intense and characteristic green colour. 

(A) Alkaloids contained in Opium, 

(1076) Opium, the inspissated milky juice of the papav€race<B, 
is a very complicated substance, the composition of which varies 
greatly even when it is not adulterated, as it often is very 
largely. Genuine Smyrna opium is the best variety, since it 
contains the largest proportion of morphia. The following con- 
stituents, with the exception of opianine,, have been ascertained to 
exist in most kinds of opium : — 

Meoonic acid . . . 3 HO, from 6 to 8 per cent. 

'I. Morphia from 6 to 12 per cent. 

2. Codeia less than i percent. 

I 3, Thebaia I>o. 

J 4. Papaverine .... Do. 

‘ . I « to » p» 

‘ 7 . N arceia G46H29N 

Meconine (opiaiiyl) . CgoHioOg 

Pesinous matter . • 

Caoutchouc .... 4 or 5 per cent. 

Essential oil ... 

Mucilage or gum . . 

Many of the opium bases exhibit a very intimate relation to 
each other, although as yet the efforts of the chemist to transform 
them one into the other have been without success. Morphia, it 
will be observed, differs from codeia in con^taining one equivalent 
less of the compound (C2H2), although the two bases do not exhibit 
the close resemblance usually observed between the contiguous 
members of a homologous series. If the relation were one of 
ordinary homology, the action of iodide of methyl upon morphia 
should cause the production of codeia, just as dimethylia is 
produced from methylia by similar treatment; but instead of 
this the action of iodide of methyl upon morphia is attended 
with the formation of a new base of the ammonium class. 
Thebaia contains two equivalents more of carbon than codeia. 
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and papaverine 2 equivalents more of carbonic oxide, 2 (CO) than 
thebaia, whilst opianiiie, if Gerhardt^s interpretation of the results 
of Hinterberger be admitted, contains 2 equivalents of carbon and 
6 of oxygen more than papaverine. The researches of Wertheim 
(Journ, f, prakt. Chimie^ liii. 421), appear to have provbd the gxis- 
tence of three homologous forms of narcotine in opium, and Gerhardt 
is disposed to view the opianine cS‘ Hinterberger (which is isomor- 
phous with narcotine), as a fourth ; these bases would then stand 
to each other in the following interesting relation : — 

Opianino, or normal narcotine . . C4.,TT2(, (n)NOj4 = C4oH2iIS'Oi4 

Mathyl-narcotine C4;il2o{C2H3)NO,4 = 

Etliyl-narcotine (ordinary narcotinc) C42H2o(04H5)NOi4 = C4fiH2,r,NO,4 

Trity 1 -narcotine G42H2 o(C6H/)NOi 4 = C4j,H27NOi4 

thus constituting a true homologous series. 

If opianine were distilled with hydrate of potash it probably 
would yield ammonia, whilst Wertheim has found the second of 
the foregoing compounds to furnish methylia, the third, ethylia, 
and the fourth, trity lia. « Opianine has hitherto oplj been found 
in Egyptian opium, and hasjiecn but imperfectly examined. 

Tlie formula of narceia, as given by Anderson, differs from that 
of ordinary narcotinc, in containing four equivalents more of water. 

The opium alkalies, morphia, codeia, and papaverine, combine 
readily with iodine, and form crystal! izable compounds containing 
three equivalents of iodine to one of the alkali. Codeia also 
unices with two equivalents of cyanogen, and forms a new and 
distinct base, cyanocodeia. True substitution compounds may also 
be obtained from codeia with the halogens, and with nitric acid, 
in which case one or more equivalents of hydrogen arc displaced 
by a corresponding number of equivalents of chlorine, of bromine, 
or of peroxide of nitrogen. 

(1077) Jsolatioji of the components of Opium , — ^The separation 
of the opium bases from each other is a matter of considerable 
difficulty, and can only be performed satisfactorily when large 
masses of opium are acted upon. The following is an outline of 
the method to be adopted, — ^the morphia being first obtained by 
the process of Robertson and Gregory, and the mother liquors 
^ being afterwards treated for the other alkalies upon Anderson^a 
plan {Edinburgh Trans, Roy, Sac, xx. 347, and xxi. 204) : — 

I. Meconic Acid , — An aqueous infusion of opium is prepared 
by mixing several pounds of the drug with three times its weight 
of water, straining the solution through linen, and treating the 
residue two or three times with fi*esh portions of water. ’ An acid 
liquid is thus obtained, which is to be concentrated by evaporation. 
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and mixed with sufficient chalk toTender it neutral ; a solution of 
cliloride of calcium containing a quantity of this salt equal to about 
jone-tweiiticth of the weight of the opium employed^ is then to be 
added. The precipitate which is thus occasioned consists of me- 
conqtc of lime (iii8), and must be separated by filtration. 

2 . Narcotine . — Alargc amount of narcotine remains in the portion 
^ of opium which is not soluble in water; it can be extracted by adding 

acetic acid to the mass^ precipitating the filtered liquid by the addi- 
tion of ammonia, and purifying the crude narcotine by digesting 
its solution in alcohol with animal charcoal, and recrystallizing. 

3. Morphia . — The clear liquid filtered from the meconate of 
lime, is evaporated till it acquires the consistence of a thin syrup. 
On cooling, it becomes semisolid, from the formation of crystals 
of hydroehlorate of mor[)hia; this salt may be purified by recrys- 
tallization, after the strongly coloured mother liquor has been 
separated from it by pressure. 

4. Codeia . — On further concentrating the mother liquors from 
the hydroehlorate of morjdiia, a fresh crop of crystals is separated, 
which consists of a mixture of the hydrochlorates of morphia and 
codeia. If this be dissolved in hot water, and supersaturated with 
ammonia, the morj)hia is precipitated, while codeia remains in 
solution, mixed with muriate of ammonia. The hot aqueous 
solution is concentrated by evaporation, and on the addition of 
potash the codeia is separated, partly in the form of an oil which 
gradually becomes solid, and partly in crystals which are deposited 
as the liquid cools. 

The black mother liquor from which the hydrochlorates of mor- 
phia and codeia have been separated, contains the whole of the 
remaining bases. It is to be diluted with water and filtered from 
floeculi of resinous matter which are thus got rid of, and ammo- 
nia is then to be added as long as a precipitate is occasioned. This 
precipitate (a) contains a large proportion of narcotine and of 
resin, wnth small quantities of thebaia and papaverine. The filtrate 
(b) contains narceine and meconinc. 

5. Narceine . — To the filtered liquid (b) a solution of acetate 
of lead is added, so long as it occasions a precipitate ; a dirty 
brown colouring matter is thus thrown down, and is to be separated 
by filtration through n cloth ; the excess of lead is removed by 
sulphuretted hydrogen, and the filtered liquid is concentrated by 
evaporation to a syrup, which on standing becomes filled with 
voluminous silky crystals of narceine ; these may be purified by a 
second crystallization. 
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6. Meconine. — The mother Jiquor from the narceine is agitated 
with a fourth of its bulk of ether^ and the ethereal solution is de- 
canted ; this process is repeated upon the aqueous portion^ with fresh 
portions of ether^ so long as the ether becomes coloured. The ethe-’ 
real solutions are submitted to distillation, and, on the addition of 
water to the residue, a resinoid substance is seprirated, from ^fhich 
hydrochloric acid extracts a portion of papaverine. The uudis- 
solved portion, when crystallized from its solution in boiling water 
yields needles of meconine. 

7. Additional quantity of Narcotine , — The precipitate (a) which 
was separated by ammonia from the mother liquors of the morphia 
and codeia, is at first granular, but if left in the press it soon 
concretes into a resinoid mass ; in order to prevent this agglo- 
meration, it must without delay be broken up and diffused through 
water, strained, again pressed, and the washings repeated until 
they run off nearly colourless. A portion of the precipitate is then 
boiled with i^ectificd spirit, and the liquid filtered wdiile hot ; 
crystals of nafc'otine ui^c deposited as it cools. The spirituous 
solution is then boiled with a fresh portion of the precipitate, and 
the same process is repeated until the whole of the precipitate has 
been so treated; the narcotinc obtained in this manner can be added 
to that already procured from the undissolved mass (2), 

8. Thebaia . — The spirituous mother liquor from which the 
narcotinc has crystallized, now contains resinous matter, besides 
still retaining some narcotinc, and all the papaverine and the- 
baia. The alcohol is distilled off, the bases are separated from the 
dark brown residue by means of acetic acid, and the solution thus 
obtained is decanted from the uiidissolved ])ortion. On adding an 
excess of basic acetate of lead to the acetic solution, the whole 
of the papaverine, narcotine, and resin are precipitated. The 
excess of h^ad is next removed from the supernatant liquid, by the 
addition of sulphuric acid, and filtration ; and, on then adding 
slight excess of ammonia, impure thebaia is thrown down : it is 
purified by digestion with animal charcoal, and re-crystallization 
from alcohol. 

9. Papaverine , — The greater part of the papaverine is contained 
in the precipitate which is separated from the acetic solution of 
thebaia by subacetate of lead. In order to isolate it, the precipi- 
tate is reduced to a fine powder, and boiled with alcohol. The 
alcohol is distilled off, and the dark brown residue is treated with 
dilute hydrochloric acid, and filtered from undissolved resin : the 
solution is then concentrated, and left to spontaneous evaporation ; 
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crystals of hydrochlorate of papaverine are thus gradually formed^ 
whilst the accompanying narcotine is* retained in solution. 

One of the greatest difficulties in the purification of the opium 
bases upon a small scale, arises from the presence of a peculiar resin 
in the drug.; which, though not possessing the properties either of an 
acid ^r of a base, is readily soluble in dilute acids, and in solutions 
of potash, but sparingly so in ammonia. It is also soluble in alcohol, 
but insoluble in ether. It is fusible at a temperature considerably 
below that of boiling water. Aqueous solutions of opium contain 
it in considerable quantity, probably owing to the free acid 
which is present in the drug. On the addition of ammonia 
it is precipitated with the morphia and other bases; and, if the 
solution be heated, the resin fuses; thus occasioning the entire 
precipitate to agglomerate into a resinoid mass, which assumes the 
form of a brittle solid on cooling. 

(1078) I. Morphia (OgJIi^NOg, % Aq). — This base occurs in 
combination with mecoiiic, and, sometimes, with sulphuric acid. 
It appears to be the principal sedative constituent of opium, of 
which it constitutes from one-tenth to one-sixteenth by weight. 
In large doses it acts as a powerful narcotic poison. 

Properties . — Morphia (so-called from Morpheus, in allusion to 
its narcotic properties) crystallizes generally in short, rectangular 
prisms, with two equivalents of Avater of crystallization. At a gentle 
heat the water is expelled, and the alkali melts into a resinoid 
substance, which solidifies into a radiated crystalline mass on 
cooling : by a higher heat it is decomposed. Morphia is soluble 
in about 1000 times its w eight of cold, and in 400 of boiling water ; 
the solution has a bitter taste, and changes the yellow ('olour 
of turmeric paper to brown. Boiling alcohol dissolves it abun- 
dantly, but it is insoluble in ether. Its alcoholic solution exerts a 
powerful rotation to the left upon a ray of polarized light. The 
fixed alkalies and alkaline earths, dissolve morphia without change, 
and deposit it in crystals as the solutions, by exposure to the 
atmosphere absorb carbonic acid. Ammonia dissolves it more 
sparingly. Concentrated nitric acid, when applied to a crystal, 
either of morphia, or of one of its salts, produces a lemon yellow or, 
orange colour ; and, ultimately, oxalic acid is formed. A mixture 
of nitric and sulphuric acid colours morphia green. When morphia 
is mixed with iodic, or with periodic acid, iodine is liberated, which 
may be recognised by its brown colour, and by the blue which it 
yields on the addition of a solution of starch. A neutral solution of 
perchloride of iron strikes with morphia a very characteristic blue 
colour, which is destroyed by an excess of acid. The salts of 
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morphia give no precipitate witk the gallates^ but a copious curdy 
one with tannic acid and its salts. When morphia is heated to 
400°, with hydrate of potash, an alkaline liquid distils over, 
containing ethylia. The salts of morphia crystallize readily ; 
they arc very soluble in water, and in alcohol, but are •not soluble 
in ether. They have a bitter, disagreeable taste. If their solutTons 
be mixed with tartaric acid, and ^supersaturated with bicarbonate 
of soda, no precipitate is formed 

Morphia appears to belong to the class of nitrile bases ; since, 
when treated with iodide of ethyl, or with iodide of methyl, it yields 
salts of ethylomorphiumy or of methylomorphium, corresponding to 
those of ammonium. Iodide of methylomorphium has the compo- 
sition, C34H19 (C2H3) NOfi, I (How.) 

Preparation, — Several methods are in use for extracting mor- 
phia from opium. On the large scale, Robertson^ s process, as 
modified by Gregory, and already described, is generally adopted. 
One of the simplest and best plans, if the operation be upon a small 
scale, is that proposed by Dr. Mohr; it is founded on the solu- 
bility of morphia in lime watcy,«ind the insolubility of the other bases 
in this liquid : — Each pound of opium is digested in 3 lb. of water, 
and boiled, and the liquid expressed from the undissolved portion, 
which is twice similarly treated*; } lb. of lime is boiled with 2 lb. 
of water, and the mixed opium infusions arc added, in small quan- 
tities at a time, to the milk of lime, which is kept boiling; the 
liquid is filtered from the residue containing undissolved lime, and 
the other opium alkalies : this residue is twice boiled up with fresh 
water. The filtered liquids are mixed and evaporated down to 
two pints ; again filtered ; heated to boiling, and one ounce of 
powdered sal-ammoniac is added. By this means, the lime is 
neutralized, and the ammonia, as it is liberated, is volatilized 
at the high temperature employed : morphia is precipitated 
immediately, and increases^ in quantity as the liquid cools. The 
morphia thus obtained is of a deep brown colour. It is, there- 
fore, re-dissolved in hydrochloric acid, again treated with milk 
of lime, and a second time precipitated by sal-ammoniac. The 
alkaloid, if the solution be dilute, is now deposited in beautiful 
.crystals. 

The Hydrochlorate (C^Hi9N06,HCl, 6Aq) is the most important 
salt of morphia ; it crystallizes in silky needles, and is readily 
soluble in water, especially if it# contain a little free hydrochloric 
acid. It is also freely, dissolved by alcohol. The Acetate was 
formerly a good deal used in medicine, but it has the disadvantage 
of being slightly deliquescent, and of losing acid when its aqueous 
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solution is evaporated. The Sulphate (C34Hi9NOe, HO^ SO3, 5 Aq) 
crystallizes in tufts of colourless prisms. The Citrate is said to 
form the basis of the sedative medicine known under the name of 
the Black drop, 

(1079) a. Codeia (CggHaiNOfl, 2Aq; Anderson). — Codeia (from 
Kwhrtf a j)oppy-hcad) appears, like morphia, to be one of the nitrile 
bases ; since, when treated with' iodide of ethyl, and then with 
oxide of silver, it yields a powerful alkaline base, of the ammonium 
class. It is eontained in opium only in small proportion, for it 
docs not amount to more than from one-fifteenth to one-thirtieth of 
the quantity of morphia. It has a powerful alkaline reaction, and 
is remarkable as being soluble in 80 parts of cold, and in 17 of 
boiling water : this solution throws down the oxides of lead, of 
copper, of iron, and of several other metals, from a solution of their 
salts. If codeia be boiled with less water than is necessary for 
its solution, it melts beneath the liquid to an oily-looking fluid. 
Codeia crystallizes from its aqueous solution in bold rhombic 
octohedra. If heated alone, its hydrated crystals lose 2 equiva- 
lents of water of crystallization, and undergo fusion at 300®. Both 
ether and alcohol dissolve codeia freely : the ethereal solution, by 
s])ontaneous eva])oration, yields fine anhydrous prisms of the 
alkali. Its solutions exert left-handed rotation on a ray of polarized 
liglit. The caustic alkalies dissolve it but very sparingly : 
when distilled with jjotash, codeia yields ammonia, methylia, 
tritylia, and some other compounds still higher in this series 
of alcohol bases. The salts of codeia are practically unim- 
portant : they have been carefully examined by Anderson, 
and they appear to have a powerful narcotic action when taken 
medicinally : they are not turned red by nitric acid, or blue by 
perchloridc of iron, but are precipitated by infusion of galls. The 
hydrochloratc crystallizes with great facility. 

3. Tkvhaia, or Paramorphia (CagllaiNO^). — This alkali crys- 
tallizes from its solution in alcohol or in ether, in square plates of 
silvery lustre, which have a styptic, acrid taste. It is poisonous when 
taken internally, and is said to produce tetanic symptoms, resem- 
bling those occasioned by strychnia. Thebaia is insoluble in 
alkaline liquids : it fuses at 257*’ : concentrated sulphuric acid 
colours it of a deep red : its salts do not crystallize readily. 

4. Papaverine (C^oHgjNOg) is distinguished from the other 
opium bases by giving with concentrated sulphuric acid a deep 
blue colour. It is sparingly soluble in *cold alcohol, and is 
deposited from a hot alcoholic solution in small confused crystals. 



AIKALOIDS CONTAINED IN OPIUM. NARCOTINE. 


283 


It does not appear to exert any, powerful effect upon the animal 
economy if taken internally. 

(1080) 5. Narcotine (C48H25NO14, aAq; Blyth; Wohler). — 
The quantity of narcotine in opium varies from 6 to 8 per cent. : 
this body can hardly be said to possess alkaline properties. It is 
nearly insoluble in water, but is freely soluble in alcohol, and®still 
more so in ether ; its ethereal solution, by spontaneous evaporation, 
yields it crystallized in acicular groups, or in colourless, brilliant 
right rhombic prisms ; these crystals are solulde in alcohol, and in 
the fatty and essential oils, but are insoluble in the caustic alka- 
lies. Solutions of narcotine exert a powerful left-handed rota- 
tion upon polarized light : when the solution is acidulated, this 
rotatory power is reversed, and becomes right-handed. At 340"' 
narcotine fuses, and loses water, and by a higher terni)erature it is^ 
decomposed. Acids dissolve it freely, but the solutions are decom- 
posed by the addition of a large bulk of water : they are precipi- 
tated of a bright yellow on the addition of infusion of galls. A 
mixture of concentrated sulphuric and nitric ^cids produces a 
blood-red colour with iiargcrtinc and its compounds. Narcotinc 
is less active as a poison than morphia ; but, when administered to a 
dog in a dose of 23 grains, it speedily produced death. The salts 
of narcotinc have a more bitter taste than those of morphia : the 
chloride and acetate crystallize with dilliculty : most of its other 
salts form gummy compounds, which do not crystallize. The 
double salts with bichloride of platinum, and terchloridc of gold, 
are, however, easily procured in crystalline scales. Allusion has 
already been made to Wertheim^s discovery of three homologous 
forms of narcotine (1076). These different varieties of narcotine 
greatly resemble one another in character and properties, and arc 
separated from each other with great difficulty. Narcotine is con- 
tained largely in .the 'portion of opium which remains undissolved 
wdicn treated with water.* If this residue be digested wdth acetief 
acid, and the solution be supersaturated with ammonia, narcotine 
mixed with colouring matter is thrown down : it may afterwards 
be purified by solution in alcohol, and treatment with animal 
.charcoal. If any of the acid solutions of narcotine be saturated 
with chloride of sodium, the liquid becomes turbid, and the nar- 
cotine is deposited in the course of a few days, in crystalline 
masses. This property has sometimes been taken advantage of, 
in the separation of iiarcotine from morphia. 

Narcotine, under*the oxidizing influence of bichloride of platinum 
or of peroxide of manganese, is decomposed, and gives rise to some 
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very remarkable compounds (Wohler; Blyth, Liebig AnnaL l. i and 
29; Anderson, Trans, Roy, Soc. Ed,, xx. 359). It appears to split 
up into a new base, termed cot amine, and into opianyl, or into 
products which are the result of the decomposition of opianyl ; — 

Narootjne. Cotarnine. Opianyl. 

+ 20 = + cXX 

If the oxidation be more cnerg/itic, the cotarnine is broken up 
into apo^^hyllic acid (IIO, CjgHtjNOg), and ethylia; whilst the 
opianyl yields opianic and hemipinic acids : — 

Opianyl. Opianic Acid. Hemipinic Acid. 

2 (cX^s) + 60 = HoTc^A -f 2 HO. C^AOio. 

Cotarnine contains all the nitrogen of the narcotine. It forms 
fusible acicular crystals, which arc sparingly dissolved by water, 
• or by a solution of potash ; but they are freely soluble in alcohol, 
ether, and solution of ammonia. Cotarnine is readily obtained 
by boiling a solution of narcotine in hydrochloric acid, with bi- 
chloride of platinum : the liquid becomes of a deep Food-red colour, 
and red crystals^of the bichloride of platinum and hydrochlorate 
of cotarnine II Cl + Pf GI2) are deposited: the base 

is easily procured by decomposing this salt with an alkali. 

It will be unnecessary to enter into any minute description of 
the properties of the various products obtained by the oxidation of 
narcotine,* for they present but little intrinsic interest, although a 
knowdedge of their composition, and of the mode of their formation, 
is essential towards the explanation of the rational composition of 
the group of alkaloids contained in opium. It would, for example, be 
interesting, to enquire whether the different varieties of narcotinc 
yield a dificrent alkali by oxidation : whether, in fact, as is probable, 
there arc different varieties of cotarnine, into the composition of 
which medhyl, ethyl, and trityl enter ; and whether the colligate, 
opianyl, remains unchanged throughout the scries. 

6. Opianyl, or Meconine (C^oHioOg) may not only be formed by 
the oxidation of narcotine, but it exists in opium, in small quan- 
tity. This substance does not possess basic properties : it is freely 
soluble in boiling water, and crystallizes in white, inodorous, six-sided 
prisms, which are sparingly soluble in cold water, but are readily 
dissolved by alcohol, and ether. It fuses at 194° (230°, Anderson), 
and may be distilled without alteration. It is soluble in concen- 
trated sulphuric acid, and the liquid becomes purple when gently 

* For details upon this subject, vide Anderson, Wohler, and Blyth, 
loc, cit. 
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heated. Gerhardt considers this body as a hydride of opianyly which 
stands in the same relation to opianic acid, that oil of bitter almonds 
does to benzoic acid (Gerhardt^s opianyl* being CaoHgOg) ; thus : — 


Hydride of Beuaoyl, or 

Ou of Bitter Almonds. 


Benzoic Acid, 

H 3 

) 


Hydride of Opianyl. 

• 

Opianic Acid. 

A 

^2oH90g ') 

H j 

) 



Gerhardt^s opianyl (CaoHj^Og) also appears to enter into the forma- 
tion of two remarkable compounds, derived from ammonia, which 
present the composition of amides. Anderson has termed them, 
respectively, opiammon and teropiammon : neither of them possesses^ 
basic characters. 


Opiammon. 

C20II9C,, 1 


obtained by evaporatinij 


C,AOs ^ 

N ; 

a solution of opianate 

c,„n„No;, .. ~ 

H ) 


of ammonia. 

Teropiammon. 



obtained by the action 


C2oHc)0^a> 

N, 2nO; 

of dilute nitric acid 

^ 601129^^26 

cZn'A ) 


upon narootine. 

In certain cases. 

when the oxidation of the narcotinc was in- 


complete, a peculiar platinum s^lt was obtained by Blyth, which he 
believed to contain a base termed narcogenine (C72H3gNjj02o), but 
which he was unable to isolate; since immediately that it is liberated 
from its combinations, it breaks up into narcotine and cotarninc : — 

Narcogenine, Cotarnine. Narcotine. 

^ A ^ A, ^ ^ A ^ 

^72^38^2^20 ^ “h ^461126^^14 

(io8i) 7. Narceia, or Narceine , — Two substances appear to 
have been described under this name ; one of these, obtained by 
Pelletier, having the composition (C32H19NO10) ; the other examined 
by Anderson, being (C^gHsaNOig). The latter is a feeble base,, 
which is soluble in boiling water, and crystallizes from a hot 
solution as it cools, in delicate silky needles, which are soluble in 
alcohol, but insoluble in ether : at 197° it fuses, and, at a some- 
what higher temperature it becomes decomposed. It combines 
with the dilute acids, forming crystallizable salts. Concentrated 
sulphuric acid dissolves narceine with an intense red colour, which, 
when gently heated, passes into green. Iodine colours the base 
of a deep blue, which disappears on the addition of an alkali. 


* This practice of etnployinff terms already appropriated to previously 
known substances, to indicate other compoimds, is greatly to be deprecated. 
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(c) Alkali obtained from the Pepper tribe, 

(1082) Piperine (CggHggNaOia — This is a substance possessed 
of feeble basic properties. It is found in the common white 
and black .pepper, and in long pepper. White pepper easily 
yieWs it wlicu treated with alcohol, which extracts a resinous 
matter with the piperine, from ^which the latter may be freed by 
digestion in a solution of jiotash : the piperine which remains undis- 
soh ed is rccrystallizcd from alcohol, and furnishes colourless prisms, 
wliich are fusible at 212°. Piperine is nearly insoluble in cold water; 
it has an acrid taste, resembling that of pepper : the hydrochlorate 
is its most stable salt. Concentrated sulphuric acid dissolves 
piperine, with a red colour ; but the base is precipitated unchanged, 
on dilution with water. Nitric acid acts powerfully on piperine, 
’\leveloping an odour of bitter almonds, whilst a brown resin rises 
to the surface. On evaporating the solution to dryness, a brown 
residue is left, which, when treated with potash yields a magnificent 
blood-red liquid; and, on distilling this mixture it furnishes 
dine, which is a powerfully alkaline, base. The same base is also 
obtained wdien piperine is distilled with’ three times its weight of hy- 
drate of potash, at a temperature not exceeding 320°. The jnperidinc 
(CjoHjiN), being volatile, passes over, and a yellow, resinoid 
azotized acid remains in combination with the potash. 

Piperidine (CjoHnN = H, N) Bp, gr. of vapour 2 982. 

— This is a remarkable oily base, with a pungent odour, recalling 
both that of ammonia, and that of pepper ; it boils at about 
223°. It resembles ammonia in alkaline power, and precipitates 
many metallic oxides from their salts. It combines with 
the acids, neutralizing them, and forming well crystallized 
salts ; with cyanic acid it forms a compound urea, piperyUurea ; 
and, if heated Avith cyanic ether, piperidine forms a compound 
' termed elhyl-piperyl-urea, 

f^rea H,N2,C202 

Piperyl-urea .... IT^(CioHio) N2,C202 

Ethyl-piperyl-urca . . H, C4H5 (CioHio) N2,C203 

One of the equivalents of hydrogen in piperidine may be dis- 
placed by ethyl or by meth}l, on treating the base with iodide of 
ethyl or of methyl ; and ethyl-pipcridine, by treatment with an 
additional quantity of the hydriodic ether, yields the iodide of an 
ethyl base corresponding to tetrethylium. 

Capsicine is the name given to an alkaloid obtained from the 
Cayenne pepper. It has a burning taste; and as usually prepared, 
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it presents a resinous appearance ; Init^ when quite purc^ it m.'iy 
be crystallized. It forms crystallizablc salts with acetic^ nitric^ and 
sulphuric acids. 

[d) Alkaloids from the Strychnos tribe, 

• 0 

(1083) The fruit and bark of the StrycJmos nvx vomica 
other parts of several plants of this tribe, particularly the seeds of 
the siryclmos ignatii, contain twd alkalies closely related to each 
other : both of them act as powerful poisons on the living frame, 
and speedily occasion death, amid violent tetanic convulsions : 
these bases are strychnia and hrucia. They contain 2 equivalents 
of nitrogen in each equivalent of base. In the nux vomica they 
occur in combination with lactic acid, and a peculiar vegetable 
acid. In order to extract them from this fruit, the following 
method may be adopted : — The rasped seeds arc boiled with 4*^ 
times their weight of alcohol, acidulated with 1 per cent, of sul- 
phuric acid. The alcoholic liquid is neutralized with lime in slight 
excess : the acid»and colouring matters are thus precipitated, whilst 
the l)ascs remain iu soliftion ^ the alcohol is distnled off*, and the 
residue treated with acidulated water, from which, on the addition 
of ammonia, the strychnia and brucia are precipitated. The two 
alkalies arc separated by converting them into nitrates, and crystal- 
lizing ; the nitrate of strychnia, being the least soluble of the two, 
is first deposited. Both strychnia and brucia exert a left-handed 
rotatory effect iqion a ray of polarized light; but the rotatory 
power of strychnia is twice as great as that of brucia. 

(1084) Strychnia (Cj^H.^oNgOJ is contained in the St. Igna- 
tius^ bean, to the extent of nearly 1 per cent. ; and it is one of 
the active constituents of the upas poison. Strychnia is one of 
the most powerful of the vegetable bases; it precipitates many 
metallic oxides from their salts, either completely or partially : in 
the latter case, it ’forms double salts, — such as the double sulphate, 
of strychnia and copper, which crystallizes in long green needles. 
Strychnia crystallizes from dilute alcohol, in white anhydrous 
octohedra, or in square prisms, which do not fuse on the applica- 
tion of heat. It is insoluble in absolute alcohol, ether, and the 
>baustic alkalies ; but it is soluble in the essential oils, and in chloro- 
form. Cold water docs not dissolve more of it than yiiV^ith of its 
weight; but this solution, even when diluted with 100 parts of 
water, still possesses a distinctly bitter taste. If distilled with 
hydrate of potash, strychnia, like cinchonia and quinia, yields the 
oily base quiuolihe. A portion of the hydrogen in strychnia may 
be displaced by chlorine or by bromine, and the body thus 
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obtained still retains basic properties. Strychnia, when tritu- 
rated with iodine, forms a peculiar crystalline compound, 
which is soluble in aleohol, and yields orange-coloured scales 
2 (C4aH22N204) I3, from which the acids separate strychnia, unal- 
tered. This compound is analogous to those which iodine 
yields with the opium bases (1076). Strychnia, when pure, is 
turned yellow by concentrated nitric acid, and yields a nitrate of a 
new substitution base, nitrostrycnnia. If brucia be present with 
the strychnia, as is usual in most commercial specimens, the 
colour produced by nitric acid is deep orange, or red. With 
iodide of ethyl, strychnia yields the iodide of ethylostrychnium 
(C42II22, C4H5, N2O4 I), from which oxide of silver separates a 
hydrated oxide of an ammonium base (C42H22, C4H5, NgOg, HO), 
which is crystallizable : strychnia is therefore a nitrile base. 

Salts of strychnia , — Sulphuric acid forms a neutral and an acid 
salt with strychnia; the crystals of the neutral sulphate (0431122^204, 
HO, SO3, 7 Aq) arc square prisms. Solutions of the salts of 
strychnia yield a precipitate with infusion of galls. If a slight 
excess of tartafic acid be added to the solution of a salt of 
strychnia, and then one of bicarbonate of soda or potash, the strych- 
nia is gradually deposited in crystals. A solution which does not 
contain less than ^Ixth its weight cf the base gives on the addition 
of a strong solution of sulphocyanide of potassium, tufts of crystals, 
after the lapse of a few minutes. A minute quantity of strych- 
nia with concentrated sulphuric acid, and a fragment of peroxide 
of lead, or what is still better, of bichromate of potash, gives a 
beautiful violet tint, which gradually fades into a pale rose colour; 
other oxidising agents produce a similar eflFect. With solution of 
perchloride of gold, salts of strychnia give a bright blue colour. 
The presence of strychnia may be detected in very minute quantities 
of complicated organic liquids, by rendering them alkaline with 
, potash, and agitating thoroughly with a few drachms of chloro- 
form ; the chloroform dissolves the strychina, and leaves it in the 
solid form on evaporation ; from this residue it may be extracted 
by dilute hydrochloric acid ; and it may afterwards be submitted 
to the usual tests. 

(1085) Brucia (C 4 gH 26 N 20 g, 8 Aq; Regnault) is more soluble 
in water, and in strong alcohol, than strychnia. This alkali is con- 
tained in nux vomica m larger quantity than strychnia. It may 
also be readily obtained from the false angustura bark, which does 
not appear to contain any strychnia, but furnishes brucia more 
abundantly than the beans of the wtw? vomica. £rucia crystallizes 
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in colourless, transparent, oblique, rhombic prisms, 'which are 
insoluble in ether. Brucia melts readily on the application of h(;at, 
and loses its 'water of crystallization. ^ It is less active as a poison 
than strychnia. Its salts have a bitter taste, and may be distin- 
guished from those of strychnia, after they have been mixed with 
tartaric acid, by not yielding any precipitate on the addition of bfeir- 
bonate of soda. This base is furijier distinguished from strychnia 
by the bright scarlet colour gradually passing into yellow, whicjh 
brucia or any of its salts gives with nitric acid ; if a little proto- 
chloride of tin be added, a beautiful violet colour is produced. 

The action of nitric • acid upon brucia is attended with the 
production of definite results, from which it ap})cars probable 
that methyl enters into the composition of this base. When the 
concentrated acid is poured upon brucia, the mixture assumes a^ 
deep red colour, becomes hot, and emits a colourless gas, wliich 
has the peculiar smell of apples, and a ])ortion of which is soluble 
in water and in alcohol. Tliis gas consists of a mixture of nitrite 
of methyl witlV binoxid^j of nitrogen and carbonic acid, the 
carbonic acid being the secondary result of the decomposition of 
oxalic acid, which is found in the liquid, accompanied by a new 
substance termed cacotheline ; this body is a nitro-substitution 
compound, of feeble basic pro*peftics. Strccker rc])reseuts the 
action of nitric acid upon brucia by the following equation : — 

Brucia. Nitric Acid. Nitrite of Methyl, Oxalic Acid, Cacotheliuo. 

+ 2 NO, + 4 HO. 

A further proof of the presence of methyl in brucia is found 
in the fact, that when this base is distilled with dilute sulphuric 
acid and peroxide of manganese, or with chromate of potash and 
sulphuric acid, formic and carbonic acids are produced, and an 
inflammable liquid passes over, burning with a blue flame, and 
presenting the properties of 'W'ood spirit. 

Igasurine . — This name has been given to a third alkali, 
recently discovered in nux vomica. It is more soluble in 
water than cither strychnia or brucia. The v)Oorara poison of 
South America appears to be obtained from a plant of the 
'stryclmos tribe ; it acts as a fatal poison if introduced into the 
blood by a w^ound, but it may be swallowed with impunity. 

(€) Other less known Bases. 

(ic86) Tlie bulbs of the colchicum auiumnale, and the roots 
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and seeds of different species of mratrum contain several alkaloids, 
the most important of Avhich, ver atria, has been employed medi- 
cinally. Veratria (C64II62N2QB; Merck) occurs principajly in combi- 
nation with gallic acid; it is an extremely acrid and violent poison, 
producing dangerous fits of sneezing if it come in contact, even in 
mifiute quantity, with the mucous membrane of the nose. It acts 
as a valuable sedative in some .eases of neuralgia if applied in the 
form of ointment to the surface of the body. Veratria is almost 
insoluble in water and in alkaline solutions; alcohol dissolves it 
freely, and deposits it by spontaneous evaporation in long delicate 
needles. Ether dissolves it with difficulty ; fuming sulphuric acid 
colours it yellow, then blood-red, and lastly, violet. Nitric acid 
strikes with it a red which after a time becomes yellow. Three 
other poisonous bases, sabadillia, colchicia, miAjervia, are found, 
along with veratria, in the verairum album, or white hellebore. 
J ervia (CfiolftgNaOg, 4 aq) is white, crystalline, and fusible. 

Aconilina is another intensely poisonous alkaloid, which is 
employed mcdi/unally, but the composition of which is uncertain ; 
it is obtained from various species* qf monkshood or aconite. It 
crystallizes with difficulty, and is more soluble in water than most 
of these bases ; it is dissolved easily by alcohol and ether. These 
solutions have a powerfully alkaline reaction ; and the base forms 
j)erf(^etly neutral salts, which when moistened with concentrated 
sul])huric acid acquire a colour which at first is yellowish, and 
then becomes of a dirty violet red. 

]\Iauy of the solanace(e and umbelliferce contain alkaloids. The 
henbane [hyoscyamm ’myer) and both the common and the deadly 
nightshade [solanum dulcamara, and atropa belladonna) owe their 
poisonous qualities to compounds of this kind. 

Airopia (QjtlLijNOg ; Plauta) crystallizes in colourless silky 
needles, which arc freely soluble in alcohol' and in chloroform, but 
less so in ether. The crystals fuse at ’194°, and undergo sublima- 
tion and partial decomposition at 284°. Solutions of atropia are 
speedily altered by evaporation when exposed to the atmosphere. 
Atropia is present in all parts of the belladonna, but is commonly 
extracted from the root. It appears to be identical with daturia, 
the active principle contained in the seeds of the datura stramonium,. 
The salts of atropia are bitter, acrid, and highly poisonous, 
producing a remarkable dilatation of the pupil of the eye. 

In addition to these bases two others may be mentioned, viz., 
harmaline and harmine, which are found probably combined with 
phosphoric acid, in the seeds of the peganum harmala, a plant 
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extensively grown in Southern Russia. It is used in dyeing 
silk, to which it imparts various shades of pink, rose, or red. 
Harmaline (C26H14N2O2) when pure crystallizes in colourless 
prisms, but they generally retain a brownish yellow tint, and tinge 
the saliva yellow. It has a bitter, astringent, acrid *ttiste ; jt is 
freely soluble in alcohol, but sparingly so in water and in ether. 
It is fusible and volatile ; with a<lads it forms yellow, very soluble, 
crystallizable salts. Oxidizing agents transform it into a red 
colouring matter which combines with acids, forming salts which 
constitute the basis of the harmala red of commerce. Ilarma- 
line contains two equivalents more of hydrogen than harmme 
(C2GII12N2O2), into which it may be converted by oxidation : har- 
minc crystallizes in long. delicate prisms; it forms colourless salts, 
which arc quite neutral. ^ 

Emetia, the active principle of ipecacuanha, also possesses the 
properties of a feeble base : it is nearly insoluble in water ana in 
ether, but is reaj\ily soluble in alcohol and in dilute acids; chloroform 
also dissolves it with facility. It is a powerful pCisoii, and acts as 
a violent emetic in doses of« one-sixtcciith of a grain or less. 
It fuses readily, and is accompanied in the i])eeacuanha root by a large 
proportion of oily matter, which emits a feeble odour of tobacco when 
heated. The base is easily obtained by treating the alcoholic 
extract of the root with dilate sulphuric acid, filtering from the 
oily matter, and after slightly supersaturating the solution with 
ammonia, agitating the turbid li(|iiid with chloroform. On eva- 
porating the chloroform, the cnietia is left as a yellowish resinous- 
looking mass. It may be jiurificd by conversion into a salt, and 
digesting its solution with a sinall quantity of animal charcoal ; 
on adding an alkali to the filtered liquid the ernctia is precipitated. 
The salts of emetia do not readily crystallize. 

(/) Alkcduid of Coffee and Tea. 

(1087) Caffeine or Theine (C^^JIioN^O^, 2 aq). — This sub- 
stance occurs in tea, in coftee, and in mate, a shrub used by 
the natives of Paraguay and a large number of the inhabitants of 
South America, for making an infusion which they substitute for 
tea. It is also contained to the extent of 5 per cent. (Stenhouse) 
in guarana, an astringent species of chocolate prepared from the 
fruit of the paullinia sorl^lis. Tea appears to contain from 2 to 
4 per cent, of caffeine (Peligot), but the quantity of it in coffee, 
according to Stenhouse, seldom exceeds i per cent. 

Cafleine is easily obtained from tea by making a strong infu- 

u 2 
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sion of the leaf, mixing it with siJbacetate of lead and a little free 
ammonia, to separate tannic acid, and transmitting sulphuretted 
hydrogen to remove the excess of lead ; on then evaporating the 
solution and allowing it to cool, the caffeine crystallizes out in long 
flexible silky needles. 

It has a weak, hitter taste, and is sparingly soluble in cold 
water and in alcohol ; both boiMng water and ether dissolve it in 
considerable quantity. The crystals deposited from alcohol and 
from ether are anhydrous. Caffeine fuses at 352^°, and at a higher 
temperature it may be sublimed without decomposition. The basic 
jjropcrties of caffeine are only slightly marked, but it forms crys- 
tallizable salts with hydrochloric and sulphuric acids ; both these 
compounds arc, however, decomposed by solution in water. Caf^ 
feinc absorbs about a tliird of its weight of dry hydrochloric acid 
gas; the com})Ound must be crystallized from a concentrated 
solution of hydrochloric acid, and the crystals washed with ctluir. 
Caffeine fofins with nitrate of silver a crystj^lline compound 
(CicHjo^/Xi -V AgO, NO5) wdiicli may be recrystallizcd from 
boiling w ater or from alcohol ; it 4 s sparingly soluble in cold 
water. 

Wurtz found that when caffeine is boiled with potash, methylia 
is liberated. Concentrated nitric acid decomposes caffeine wdth 
evolution of nitrous fumes, and the formation of a yellow liquid, 
in which at a particular stage the addition of ammonia developes a 
beautiful purple colour, resembling that of murexid ; by longer 
boiling the decomposition ])roceeds further, salts of methylia arc 
found in solution, aiul cholcstrophau is formed. Similar results 
arc obtained by the action of chlorine. 

When chlorine is transmitted through a magma of caffeine 
suspended in w ater, the crystals gradually disappear, and a mixture 
of several products is obtained; of these the most remarkable 
are amalir acid (Ci2n7N208), and niT:ro4heine or cholestrophan 
(CiolIoNa^^)^ whilst a salt of methylia is formed. By evaporat- 
ing the solution, ainalic acid may be obtained in colourless crystals, 
which arc insoluble in alcohol ; they assume a violet colour if 
moistened with baryta water. Cliolestrophan may be obtained in 
pearly scales on evaporating the solution; it may be sublim^ 
unaltered. According to the researches of Rochleder (Liebig’s 
Annah Ixxiii. 123), the products of the oydation of caflPeine resemble 
those obtained from uric acid by similar treatment, and the two 
classes of compounds arc homologous : amalic acid corresponds to 
alloxantin, in which a portion of the hydrogen has been displaced 
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bj two equivalents of methyl^ and cliolestroplian bears a similar 
relation to parabanic acid: — 


Alloxantin 

Amalie acid (dimethyl-alloxantin) 

Parabanic acid 

Cliolestroplian (dimethylo-para- ^ 
banic acid) ) t 


CgH5N20io == C8H3N2OQ, 2 HO 

C8H(C2H3)2N208 

2 HO, C3N2O, = 


Amalie acid also possesses the property, like alloxantin, of 
staining the fingers pink ; and if exposed to the vapour of am- 
monia, it produces a compound homologous with murexid, which 
like the latter compound, is distinguished by its magnificent 
purple colour : — 


Murexid ^21^^ 1 10^ 1 » 

Caffeo-murexid ...... C3(jIl2iNioOi3 


In the latter eas'^ the difference between the two comjiounds is 
3 (C4H4), becaifSe murexid is the result of a reaction of ammonia 
upon three equivalents oT allio iantin, and eaffco-murexid in like 
manner is derived from three equivalents of amalic acid. 

(1088) Chemical and dietetic characters of Coffee and Tea . — 
Caffeine is a compound which presents a high degree of interest 
both from the metamorphoses of which it is susceptible, and from 
the circumstance that it forms an ingredient in three substances, 
namely, tea, coffee, and a third substance of less importance, mate 
(or Paraguay tea, obtained from the Hew Faraguayensis), one or 
other of which constitutes a portion of the daily diet of three- 
fourths of the human race. The circumstance that these diflerent 
shrubs should have been selected by diflerent nations, lor the 
purpose of yielding a beverage, when infused with boiling water, 
shows that the ingredient which they furnish is one which is 
ada|Ttcd in a special manner to some craving of the human frame. • 
Although these bodies difler so widely in flavour, they all contain 
the same azotised principle, the physiological effects of which have 
not been submitted to the detailed examination which they well 
deserve. The best series of experiments upon this point are due 
to Julius Lehmann, who watched for some weeks the effects of 
I’oasted coffee, as well as of its essential oil, and of caffeine, upon 
two individuals in good health (Liebig's Annal. Ixxxvii. ^05). The 
use of coffee as an article of diet appears to exercise an important 
influence in retarding the waste of the tissues of the body ; since 
it was found that during its use, the proportion of phosphoric acid 
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and of urea excreted by the kidneys, was much smaller than when 
the coffee was omitted, the diet being in all other respects the same 
in both cases. Thus, it was found that when an infusion of three- 
quarters of an ounce of roasted coffee berries was taken daily for a 
fortnight, tlic average proportion of urea and of phosphoric acid 
which i)assed ofi' by the kidneys in 24 hours, was less by one- 
third than it was during a similar period in which the coffee was 
omitted. The empyreiimatic oil of the coffee w^as found to exert a 
stimulating effect upon the nervous sA^stem. When too large a quan- 
tity of tliis essential oil w^as taken it produced loss of sleep, ner- 
vous excitement, and symptoms of congestion of the brain. In 
sinalJer quantities it produced a gentle perspiration, removed the 
sensation of hunger, and acted upon the bowels as a laxative. It 
likewise reduced the amount of urea and of phosphoric acid in the 
urine. It was also concluded from the production of similar 
alterations in the quality of the urine, Avhen a solution of pure 
caffeine was substituted for the ordinary infusion of coffee, that 
caffeine likewise cxcrtcid a power of retarding the disintegration 
of the constituents of the animal frame. 

Tea, coffee, and the Paraguay tea-plant, in the form in which 
tliey are used dict(;tically, all contain the following principles : — 
I. Caffeine. 2. One of tlie forms of tannic acid. 3. An aromatic 
essential oil, Avhich is different in each plant, and is the main cause 
of their different and peculiar flavours. 

Constitueuts of Coffee . — When tlic coffee berry is first gathered 
and dried in the air, it has but little fragrance, and only a 
slightly l)itter and astringent taste. The raw coffee berry is 
hard and horny ; it savcIIs up Avith difficulty even when heated with 
boiling Avatcr ; it contains in its green state about the same quan- 
tity of soluble matter as after it has been roasted ; but the 
amount vaihis greatly in different specimens. 

Coffee swells considerably during roasting, the increase in 
volume’ auiountiiig to onc-third or even to one-lialf of its original 
bulk ; at the same time it loses in weight to an extent varying 
from 13 to 2 5 per cent, upon the weight of the berries before 
I’oastiiig ; the amount of this loss depending upon the extent to 
which the roasting is carried. The roasting should be stopped a^ 
soon as the berry has becouu? friable. The agreeable bitter 
aromatic taste of coffee 1- dt^vclopcd during this operation. It is 
AA'orthy of remark that inferior coffee becomes improved in quality 
by kec'ping, and if roasted after it has been kept for some years, 
it yields an infusion of a finer flavour than if roasted immediately 
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after it had been gathered. Berth the essential oil and the bitter 
flavour are developed from one of the soluble coiistituciits of the 
berry, since the aqueous extract of the raw berry when roasted 
acquires the full odour and taste of coffee. The proportion of this 
aromatic, oil in^ roasted coflec is very minute ; nof •exccecjjng, 
according to Paycn, one five- thousandth of the weight of tlie 
coffee. Coffee also contains a considerable quantity of fixed oil. 
The astringent acid, caffeic acid, as it has been termed, constitutes 
about ^ per cent, of the dry berry : it docs not blacken the solu- 
tion of protosulphate of iron, but turns it green, and it docs not 
precipitate solutions of gelatin ; it is dissolved by strong sulphuric 
acid and produces a red liquid. When exposed to the air in contact 
with alkalies, caffeic acid absorbs oxygen and forms a yellow 
insoluble resin. A peculiar reaction occurs with caffeic acid whe» 
its solution is heated with four times its weight of black oxide of 
manganese, and one part of oil of vitriol diluted with an equal 
bulk of water... Yellow crystals of kinonc (1127) arc deposited 
upon the neck and sides the retort, and the a'eid liquid wdiich 
distils over is saturated with kinone, and contains formic acid. 
(See a Report on the adulterations of cotfee by Graham, Stenhousc, 
and Campbell; Q. J. Chem, Soi\ ix. 52.) The acid of Paraguay 
tea, and that ol’ the leaves of the holly tribe, also furnish kinonc 
by similar treatment. The following is the average ci)mpositiou 
of the coffee berry, according to Paycn : — 


Ligneous tissue .... 

• 34'o 

Hygroscopic water 

13'0 

Fixed fatty matters 

lo to i3’o 

Gum, sugar, and a vegetable acid . 

• ^ 5.5 

Azotised matter, analogous to Icgumiu 

• i3’o 

Free caffeine^ 

. 0-8 

Compound of caffeine with potash and ] 
chlorogcnic (caffeic) acid* . . ] 

3‘5 to 5-0 

Aromatic essential oil . 

0*002 

Solid fatty essence 

0*001 

Saline matters .... 

. 6*697 


The saline matters contained in coffee contain more than half 
their weight of potash (51*5 to 55*8 per cent.) chiefly in the form 
of carbonate and phosphate; they arc almost entirely free from 


* ^ caffeine; 3*^ pflrts, therefore, indicate 101 

of caffeine. ±liis salt has not been found by other chemists. 
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silica. The sugar in raw coffee 'is in the form of cane sugar 
(Graham, Stcnhousc, and Campbell), and its quantity varies from 
6*2 to 77 per cent. The process of roasting not only expels the 
greater part of the hygi’oscopic moisture, but it considerably 
motyfies tlic‘ properties of the caffeic acid, and converts nearly the 
whole of the sugar into caramel. The solid portion left after 
infusing the ground berry in water contains a large amount of 
nutritious substance, in the form of an azotised principle reseha- 
bJing casein or Icgumin. This may account for the practice among 
the Arabs and other oriental nations, of swallowing the undissolved 
portions of the grain with the decoction : in the countries of 
Central Asia the use of animal food is rare, and hence the inhabit- 
ants have been led to vary the mode of preparing their coffee in 
uch a manner as to enable them to use the substance in some 
measure as a substitute for the nitrogenous constituents supplied 
by a flesh diet. 

The dried leaves of the coffee plant also contain as much as 

percent, of cufleine (Stenhouse), as veil as an astringent vege- 
table acid, and a large proportion (13 per cent.) of an azotised prin- 
ciple allied to gluten. The dried coffee leaf has an agreeable 
aroma ; it is used largely in the form of infusion by the natives of 
•Sumatra, who prefer it as a beverage, to that prepared from the 
CO flee berry. 

Cofistituents of the Tea-plant, — The dried leaves of the Thea 
Bhiensis, which constitutes our ordinary tea,’^ contain about 45 
l)er cent, of soluble matter ; but, according to Peligot, tea does not 
usually give up more than about one- third of its weight of soluble 
matter to boiling water. The most important constituents of the 
leaf, in the form in Mhieh it is consumed in Europe, are: — i. The 
essential oil^ to which it owes its peculiar aroma, and the pro- 
portion of which, according to Mulder, is about 079 in green, and 
o*6o per cent, in black tea. This oil exerts a most powerfully 
stimulating and intoxicating effect. In China, tea is seldom used 
till it is a year old, on account of the well-known intoxicating 
eflects of new tea, due probably to the larger proportion of essen- 
tial oil contained in the freshly dried leaf. 2. Caffeine, or theine, 
the quantity of which varies considerably in different varieties of 
tea ; different kinds of green tea furnished to Peligot, amounts 
ranging from 2*2 to 41 per cent. 3. A nitrogenised compound 
analogous to casein, amounting to 14 or 15 per cent, of the 
weight of the leaf. Almost the whole of this material is 
thrown away in the spent leaves, which when dry, contain not less 
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than 28 per cent, of their weight of this substance.* 4. The 
astringent principle, which is a modification of tannin ; it occasions 
a precipitate in solutions of gelatin, and produces a black witli 
protosulphate of iron: it constitutes from 13 to 1 8 per cent, of 
the dried leaf. The ash of tea varies from 5‘3 to 5 6 per dent, o^tlic 
dried leaf; a portion of this ash is probably due to the colouring 
matter which the Chinese are in Ihe habit of adding to their green 
teas, for the foreign market ; this colouring matter is in some cases 
indigo, ill others a mixture of Prussian blue and ])ipe clay. 

It appears from the observations of Mr. Fortune, that either 
green or black tea can be obtained at pleasure from the same 
plant. Green tea is prmiared from the young leaves, which, 
within an hour or two alter they have been gathered, arc roasted 
in pans over a brisk wood fire. After four or five minutes^ roasting 
the leaves become flaccid, and are rolled by the hands upon a 
wooden table ; after which they are again thrown into the drying 
pans, where they are kept in rapid motion, and in about an hour, 
or an hour and a half, ai a\completely dried. ' 

Black tea is allowed to Ifc m heaps for ten or twelve hours after 
the leaves have been gathered ; they are then tossed about for some 
time till they become flaccid. At tliis stage they begin to emit a 
fragrant smell ; they are next rolled in balls, with the hand, upon 
a wooden table, and a large quantity of liejuid is cxjircssed from 
them, after which they are shaken out, roasted for a few minutes, 
again rolled ; and, whilst still flaccid, arc exposed to the air for 
some hours upon shallow bamboo trays : this alternate heating 
and rolling is repeated three or four times; and, finally, the 
leaves arc slowly dried over charcoal fires. A species of fermenta- 
tion appears to occur during the drying of the leaf, in conse- 
quence of which a development >1 essential oil takes place, by 
which the agreeable aroma is occasioned : this aroma is wanting ^ 
in the fresh leaf. The change of the leaf from green to bla(‘k, 
is mainly due to chemical alterations produced by the oxygen 
of the air upon the constituents of the leaf, and especially upon 
the astringent principle ; this change being prevented in green tea 
by the rapid process of drying to which it is subjected. 

(1089) Theobromine (Cj^HyN^O^). — This body is present in 



a quantity of salt is added ; by this means a notable quantity of the gluten is 
dissolved or suspended in the liquid, which they commonly eat thickened 
with butter, milk, and baked flour (Lehmann). 
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cliocolate ; it is homologous with catfeine, but it contains (C2H2) less 
than this substance. It is extracted from the cacao nut [Theo- 
hroma Cacao) by a process similar to that employed in obtaining 
caffeine. Theobromine is but sparingly soluble in boiling water, and 
still, less sb in alcohol and in ether : it has a slightly bitter taste. 
At a high temperature it may be sublimed, a part of it under- 
going decomposition during the process. It resembles caffeine in 
its power of forming crystal lizable salts with some of the acids ; 
but these compounds are decomposed by water, and its basic 
powers are very feeble. 

Tlie cacao nut is remarkable for the large proportion of fatty 
matter which it liirnishes. This fat is not liable to become rancid, 
a circumstance whicii adds greatly to the value of the nut as an 
article of food. The nut, when deprived of its husk, is said 
to contain nearly 56 per cent, of this fat, 17 per cent, of a sub- 
stance resembling gluten, and 22 of starch, gum, sugar, and 
ligneous tissue, ^flie aromatic flavour of cocoas. is due to the 
I'oasting to wliicli tlic nut is subjected, i^^cvious to grinding it. If 
the roasted nut be simply crushed alter it has been freed from its 
husk, it forms the cocoa nibs of the grocer. Chocolate is prepared 
by grinding the j’oasted nut into it paste between hot rollers, and 
mixing it with sugar, vanilla, cinnamon and other spices. 

The number of well-defined bases of animal origin is but 
small, and as they are generally produced by the decomposition 
of azotised compounds Tiot as yet described, it will be more con- 
venient to defer th('ii; consideration till a later period. 


CIIAPTEE V. 

On the Organic Acids. 

§ I. General remarks on the Organic Acids, Oxychlorides, Anhy- 
drides, and Ketones, 

(1090) The Organic Acids constitute an extremely nume- 
rous and important class of compounds ; but many of them are 
so intimately related to a large number of other well-defined 
natural groups, that it wonl J be far from advantageous to detach 
each acid from tlie group to which it properly belongs, for the 
sake of describing it with other bodies to which, often, it may 
boar little resemblance save in the circumstance that, like them, it 
possesses the power of forming salts with bases. Accordingly, 
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several of these bodies have already been described in the previous 
sections^ where they seemed to be naturally connected with the com- 
pounds under examination ; and, although it will be convenient to 
associate together certain of the acids in the present chapter, the 
consideration of others will be postponed until the substances to 
which they are most nearly allied pass under review. 

At present no organic alkali|is known, into the composition 
of which nitrogen does not enter; so that if it be ascertained 
that nitrogen is absent from any particular compound, it may at 
once be concluded that the body in question cannot belong to 
the class of organic bases; but there is no ciernentary sub- 
stance with the presence of Avhich the acid character can be 
thus specifically connected : and no general law of composition 
has hitherto been arrived at, by wdiich it is rendered possible 
from a knowledge of the empirical formula of a substance, to 
predict that it will possess the properties of an acid. 

(1091) Monthasic and Pohjhasic Acids. — The organic acids 
may be subdivided into iv.onohasic vaiA poly basic ^1102) ; the im- 
portant grouj) derived fr()Tr^tlu' alcohols by oxidation, furnishing a 
good illustration of the monobasic acids ; whilst some of the more 
important and widely diffused vegetable acids, such as tlie citric, the 
tartaric, and the malic, afford examples of the poly basic class. 

A. Monobasic Acids. — Most of the monobasic acids are com- 
pounds which, in their condition of normal acidSy or normal 
hydrates y^ that is to say in their form of inonohydratcs, arc bodies 
which contain either four or six equivalents of oxygen ; and they 
fall under some of the following general formulie ; in which, for 
the sake of simplicity, the basic water is incorporated with the 
other constituents of the acid ; is in all cases an cvcti number. 
a, I 6. 

1. CJI,r^4, Oe 

3 . 2 . 

3. C„H„_, 0 , 3. C„H„_4 0 , 

4. C„H„_eO, 4. C,JI„_eO« 

5. 5. C„H„_sO„ 

6. C„H„_ioO, 6. CJI„_ioO« 

I . Normal acids which contain four equivalents of oxygen . — 
These are of much more frequent occurrence than any other form 
of acids ; and of these, the class which is indicated by the for- 

* Normal acetic acid, for instance, is HO, C^HjO,, or C^H^O^ 
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mula a. is the most numerous. The volatile fatty 

acids mentioned at page 31, belong to this series. 

There are also several well-known acids which have the com- 
position of the formula, a. 2, viz. : — 

Acrylic Acid . . II4 O4 Physetoleic . . C33H30O4 

Angelic . . . CioHg O4 Oleic and Elaidic . 

Cam])liolic C2()^^i8^4 ^ Doeglic . . . CasHagO^ 

Moriiigic . I Erucic .... C44H42O4. 

Many of tlicsc acids exhibit that close resemblance to each 
otlicr in properties, which is always observed in bodies belonging 
to the same homologous series. 

No acids corresponding to the formula a. 3, (C„IT,j_404) have 
as yet been discovered ; and only one, the oxyphenic (Ci^HgOJ, 
^'vhich belongs to the group «. 4, OJ ; but the group a. 5, 

(C,/1I,j_q 04) contains several interesting acids, the last three 
being homologous compounds ; these acids arc sometimes spoken 
of as the aromatic acids. They arc the ibilowdng; — 

Salicylous acid . Ci Jlc, O4 Toluw’acid . Cjf-Hg O4 

Benzoic acid . O4 Cuminic acid . 030111204 . 

The group a, 6, contains 

Cinnamic acid . CiyllyOji, | '* Pinic acid . . Cj^^HgoOi? 

2. Normal acids which contain 6 eqnhalcnts of oxygen , — These 
arc comparatively few in number. None arc yet known of the 
ionnula h. i, /)(.). To the formula h, 2, ricinolic 

acid (Cgj.lIgiOf}) may be referred. 

The only compound of the formula b, 3, is 

Ouaiacic Acid .... Cj2HQO(f . 

To the (ilass b, 4, OJ belong the isomeric compounds 

Pyromucic acid . . . . | n ir n 

ryromcconic acid . . . j 10 4 e • 

The gro\ip b. 5, (C„ll,,_g, is more numerous, and the last 
two acids arc closely related to each other : 

Ampcli<i acid . . CulI^jOg Anisic acid . . CigllgOe . 

Salicylic acid . . 

The series b, 6, 0 «) is at present represented by a 

single acid, viz. — 

Coumaric acid .... CjsHhOb ; 

but both this and the preceding group arc intimately connected with 
the acids of the forrtiula a. ij, and a. 6, from which the acids of 
the coiTcsponding group in the column b (p. 299), with 6 equiva- 
lents of oxygen, would be formed by a simple act of oxidation. 
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3. Acids not belonging to ^ any of the foregoing groups . — 
The various acids formed by substitution from others of known 
composition^ such for example as 

Nitranisic acid .... CioH7^N04,0,. 

Trichloracetic acid .... C4HCI3O4 
Bromo-salicylic acid . C,,lT,,BrO„ 

may be fairly considered as belongilig to one of the groups just indi- 
cated ; but a considerable number of monobasic acids exist, siudi 
as carbolic or phenic O^) and amygdalic (^401127025) acids, 

which are not included in any of the foregoing groups. 

The numerous acids obtained from the bile, and the acids con- 
nected with the colouring matters of the lichens are also not 
mentioned in these groups ; neither are the various acids Avhich 
contain nitrogen; such, for example, as ^ 

Amalie acid. Ci2H7N20j^ Aspartic acid CgHyNOg 
Isatic acid . Carbazotic acid CjgHs 3(N04)02 

Trigenicacid«.Cf} 117 N3O4 Ilippuric acid Ci^HyNOg 

Many of the organic ticids wdiicli contain nitrogen are amidic 
acids, such as the aspartic ; others arc clearly substitution 
products, sucli as the carliazotic, which is a nitrous derivative of 
carbolic acid. Others are produced by the modification of 
definite compounds which contain nitrogen. Isatic acid is in 
this way produced from isatin : — 

laatin. Isaiio Acid. 

c^ji,no 4 -f 2 H 0 = c^Bn7No«. 

Others are clearly compound acids, such as the hippuric, which may 
be regarded as a derivative of benzoic acid and glycocinc. It is 
probable that many of the acids included in some of the foregoing 
groups, such as the cinnamic and coumaric, will turn out to be 
compound acids. 

B. Polybasic Acids . the polybasic acids likewise, « 
certain homologous groups have been traced. 

I . Dibasic acids . — Most of these acids belong to one or other 
of the following groups ; the proportion of oxygen in the normal 
or hydrated acids, being 8, 10, or 11. 


1 

m. ! 

n. 

I- C„H„0« 

1. 

I- c„u„o,3 

2 . Os 

2. Ojq 

2 . C,jH,j_20i2 

3. O3 

3 - 


4. Og 

4 * O10 

♦ 

5. Og 

5. OiQ 


6. 

6. 
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One or two only of these groups have been at present clearly 
established ; the most numerous of these is that indicated by 
2 , (C„H„_20s), viz. : — 

Oxalic acid . C4 II2 Og Pimelic acid Ci 4 Hi 208 

^uccini(y acid . Cg Hg Og Suberic acid CjgHi^Og 

Lipic acid ? . CioHg Og Sebacic acid . , CgoHigOg 

Adipic acid . CiaHigOg/ 

TJiis group is formed by oxidation of the monobasic volatile 
fatty acids (a. i). 

To the group, I 3, (CJI,,_4,Og,) belong 

Malieic and Fumaric acids . . Cg H4 Og 

Pyrocitric acid .... CigHg Og 

Camphoric acid .... CgoHigOg : 

Tlie only representative of the group, /. 4, (C^II^^gOg) is 
Mellitic acid . . . . . C8II2O8 . 

The group I 6, (C,JI„_joOg,) is represented by 


Phthalic acid . . ^ . . CigHg Og 

Insolinic acid . Oe . 

The column headed m in the table of dibasic formulae, is very 
scantily represented ; thus 

m, 2, is indicated by Malic acid . . . Cg Hg O^q 

m. 3, is indicated by Mcsoxalic acid 
and m, 5, is indicated by Comenic acid . 


The group n, i, homologous representa- 

tives, viz. ; — 

Glycollic acid . . . . Cg Hg 0^2 

Lactic acid ..... Ci3lli20i2 

Acctonic acid . . . .. C16H16O12 

Leucic acid . , . . ^24^12^12 ; 

and n, 2, (C,,II„_20j:i) is represented by 

Tartaric acid ..... CgHgO^a . 

There are many dibasic acids which cannot be referred to 
any of these groups, such as 

Kinic acid . . . . . C2gH22022 

Mucic and saccharic acids . . CigHjoOig 

Pyruvic aci^ ..... C12H8 O12 

Apoglucic acid .... CigHnOio 

Uric acid ..... CjoN^H^Og ; 
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besides the various acids derivcjd from the uric, by the action of 
oxidizing agents. 

3 . Tribasic acids, — These complicated acids do not admit of 
being classed in groups at present : they are comparatively few in 
number, the most important being the following : — 

Tribasic acids, 

Aconitic acid , C12H6O12 ' Meconic acid . 0^4 

Citric acid . . Chelidonic acid . C14II4 O12 

Gallic acid . . Ci4Ht.Oio Glucic acid 

(109:^) Simple, and compound or colligated acids. — The or- 
ganic acids may further be regarded as belonging to one or other 
of the following classes : — 

a. Oxides of organic radicles, and acids derived from them by 
substitution. 

b. Compound or colligated acids. 

{a) Oxides of Organic Radicles, — Examples of this class occur 
in cyanic acid,* *110, (C^NyO, and in the scries of volatile fatty 
acids (1152), the first mcmb'fer which is formic acid, HO, CallOg, 
the last as yet discovered is the raelissic, HO, CooH^gOa. The 
fatty acids may be viewed as hydrated oxides of a compound radicle, 
of the form ; the radidle of formic acid being C2HO2, that 

of acetic acid C4H3O2, and so on. These radicles, it will be observed, 
are oxides of hydrocarbons, in Avhich tlie number of equivalents of 
carbon always exceeds by one that of the number of equivalents of 
hydrogen, a circumstance probably connected in some important 
manner with their acid character. Another group which falls 
under this subdivision, is that represented by the general formula 
[H0(C,JI„__902)0], which has been characterized as the group of 
aromatic acids, and of which benzoic acid is the type. 

{b) Compound Acids. — These acids consist of an organic com- 
pound, which may be either acid or neutral in character, united 
with an acid either of inorganic or organic origin, the properties 
of which are modified. These compound acids may be subdivided 
into two groups, in the first of which the saturating power of the 
combining •acid is not affected, while in the second it is more or 
less diminished. 

1 . Compound acids in which the capacity of saturation of the 
components is unchanged, — An excellent instance of this class is 
afforded in the case of formobenzoylic acid (HO, 021103 + Ci4llg02). 
This compound consists of a combination of formic acid with the oil 
of bitter almonds ; the new acid thus formed possesses a saturating 
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power exactly proportioned to the. quantity of formic acid which it 
contains. Acctonic acid^|IIO^ is another example of 

the same kind, consisting of formic acid united with acetone 
(CgHtjO.^) as its coUigatej or associated organic compound. 

2 . Coat-pound acids of diminished basic power. — Sulpho-acids. 
— ^isrumcrous instances of this kind occur in the colligated sul- 
phuric acids, such as the sulphcthylic (HO, C4H5O, 2 SO3), and 
sulphoglyceric acid (HO, 0611705,2803); in these cases the sulphuric 
acid and the organic group in entering into combination, part with 
a certain number of equivalents of water ; the loss of basic power 
in most instances corresponding to the number of equivalents of 
water wliich arc displaced. 

The formation of the vinic acids from the alcohols (980 et seq.), 
shows one mode in which these bodies are produced, but this scries 
of compounds constitutes but a single subdivision of the colligated 
sulpho-acids, which recent researches have shown to be very 
numerous. 

When anliydrous sulpliuric acid is brought into contact with the 
normal or inouoliydratcd monobasic acids, two equivalents of the 
anhydride generally combine with one equivalent of the organic 
acid, and a dibasic acid is the result. For example : — 

Arctic Acid. Snlplmcetic Acid. 


no, CJI3O3 + 2 SO3 


2 HO, CJI3S2O6. 


The following acids belong to this class : — 


Sulphacetic acid . 
Sulphopropionic acid 
Sulphobutyric acid 
Sulphobenzoic acid 


2 HO, C4 H2S3O3 
2 HO, Ce H4S2O3 

2 110, H6S2O3 

2 HO, C14H4S2O6 


The same compounds may be formed by heating the amides 
or nitriles of the scries with fuming sulphuric acid. Thus, propio- 
nitrilc yields sulphopropionic acid : — 

Propionitrile. Sulphopropionic Acid. Sulphate of Ammunia. 

+ 2 110 + 3 (HO, SO3) = 2 ncVcIi^A + 

and butyramide by similar treatment furnishes siHphobutyric 
acid 

Butyramide. Sulphohutyric Acid. Sulphate of Ammonia. 

CJbNOj + 3(H0, SO3) = 2I10, a«H 6 s 7 >s + 

But if the mixture be heated, in addition to these sulpho-acids, 
a second series of acids is formed, termed by Hofmann and 



COMPOUND ACIDS SULPHO-ACIDS. 


805 


Buckton [Phil. Trans., 1856) dimlpho-acidsT The reaction which 
occurs is attended witl\j^.the evolution q||| carbonic acid ; and a com- 
pound is formed which belongs to the series immediately below 
that of the nitrile acted upon ; for example : — 

Acetonitrile. , Disulpliometholic Acid. SuJidi. Ammon. 

+ 5 (HO, so,) = + 2 CO, + h^’no.'sc^ , 

Propionitrile. DiaulphcthoLe Acid. 

-f 5 (HO. SO,) = 2 no, C,H,S A, 2 CO2 + H^NO, SO,. 
In this manner they obtained the four first terms of the following 
series; and by treating aniline in a similar manner they also obtained 
a disulpho-acid from it. The first compound upon this list is iden- 
tical with Liebig^s methioriic acid; the disulplio-naplithalic acid 
was discovered previously by Berzelius : — 

Disulpliometholic acid . HO, C2 or Cg H4, 4 SO3 

Disulphctholic acid . . 2 HO, C4 H4S40^<3, or C4 H^^, 4 SO3 

Disulphotritolic acid . 2 HO, Cg H(5S40io, or Cy Hg, 4 SO3 

Disulphobenzolic .icid . 2 HO, CjaH 4840^0, or Ci2H6, 4 SO 3 

JlJ* 

Disulphonaphthalic acid ^%HO, C2()HoS40jo^ or CgoHg, 4 SO3 
Disulplianilic acid . . 2 TlO, Ci2ll5^S40io* 

Irrespective of any theoretical view of the molecular composi- 
tion of the first four of these bodies, it is clear that they contain 
the elements of i ccpiivalcnt of a hydrocarlion corresponding to marsh 
gas, witli four equivalents of anhydrous sulphuric acid; as is I’cprc- 
sented in the second series of formulm contained in the taljle. 
There can be no doubt of the possibility of forming another scries of 
sulpho-acids corresponding to these, in which the hydrocarbon has 
been acted upon by two instead of by four equivalents of anhydrous 
sulphuric acid. These comxiounds would have the following com- 
position; but at present only two of them, — viz., sulpho-benzolic 
and sulphariilic acid, have actually been obtained : — 

Sulphomctholic acW . . . .HO, Cg H3S2O5 

Sulphetholic acid .... 110 , C4 H5S2O5 
Sulphotritolic acid .... HO, H7S2O5 
Sulphobenzolic acid . . . , HO, C12H5S2O5 

Sulphariilic acid . . ... . HO, C12H3NS2O5. 

Many of these sulpho-acids may be obtained by the direct action 
of anhydrous sulphuric acid upon the hydrocarbons: — For example, 
when olefiant gas is subjected to the action of anhydrous 
sulphuric acid, it forms a compound which Magnus termed suU 
phate of carbyle (984) ; this body, when treated with water, forms 
cthioiiic or disulphethylic acid. This body is one of the terms of 

PART in. X 
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a new series of disulpho-acids, which might probably be formed by 
submitting the other hydrocarbons homologous with olefiant gas, to 
similar treatment. Tlie ordinary vinic acids (980) constitute the 
series of sulpho-acids produced by the reaction of two equivalents of 
sulphuric g^eid upon the ahjohol, whilst ethionic acid is one of the 
cori’cspondiiig disu]j)ho-acids produced by the action of 4 equiva- 
lents of sulphuric acid : — ^ 

Sulplietliylic acid .... HO, C4H5S2O7 
Ethionic (disulphethylic acid) . 2 HO, C4H4S4O12 

Hofmann and Buckton conclude, as the general result of 
their recent investigation of the sulpho-acids [Proceedings Roy, 
Soc, viii. 165) — That all organic molecules, particularly in the 
nascent state, appear to be capable of assimilating the elements 
of cither two or four equivalents of anhydrous [sulphuric] acid. 
The formation of the two groups of acids which are thus produced, 
presents a great analogy with the production of the nitro-substi- 
tutes generated under the influence of nitric acid. All these com- 
pounds are generated with the elimination of water.* In the action 
of nitric acid and sulphuric acid upon benzole, for instance, we 
have : — 

Nitrobenzole. 

-I- 110, m, = 4- 2no ; 

Dinilrobeuzolo. 

+ 2 (HO, NO 5 ) = + 4 HO ; 

Sul])hc).beuzoljc Ai-id. 

+ 2 HO, S.A = HO, + 2 H 0 ; 

l)isulpho-]>enzolic Acid. 

Cj^lT, 4 2(2H0, SA) = rno, + 4 HO . 

The action of nitric acid upon organic bodies is by no means 
limited to the ])roduction of nitro-compounds corresponding to 
nitro-bcnzolc and dinitro-benzole ; frequently additional substitutes 
are formed, with elimination of six, eight, and in a few isolated 
cases, even of ten equivalents of water. Hitherto, however, no 
substances have been observed in which the assimilation of sul- 
phuric acid has gone further than in the disulpho-acids.^^ 

Nitro^acids, ^When nitric acid unites with an organic acid, 
the compound which is formed is generally one which is the 
result of a simple process ui substitution. No apparent decom- 

* This refers, however, to the case in which it is supposed that the reaction 
takes place between oil of vitriol or hydrated sulphuric acid and the organic 
compound, and not when the anhydrous acid is used; as the equations which 
follow sufficiently show. 
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position occurs in these cases, but the saturating power of the new 
acid is not increased by the nitrogen and oxygen which have 
entered into its composition. The nitric acid in reality has been 
partially deoxidized ; an equivalent of hydrogen has been removed 
from the organic acid, and its place has been supplied b^*an equiva- 
lent of peroxide of nitrogen. For example, when benzoic acid is acted 
upon by nitric acid, the change which occurs is the following : — 

Benzoic Acid. Nitrobenzoic Acid. 

HO, -f n 0 ,N 05 = HO. NO,„ O3 + 2 HO. 

Many of the nitro-acids obtained in this manner are yellow, and 
yield salts which have a yellow colour ; these salts generally fuse, 
and often detonate when they are exposed to heat; and when 
heated with sulphuric acid and peroxide of manganese they emit 
red nitrous fumes. A few of the best known of these compound^^^ 
are enumerated below ; — 

Dinitropheric acid . . . 110 , Ci2H3 2 (NO4) O 

Trinitrophenic (carbazotic) . HO, 3 , (NO,) o 


Nitrobenzoic . . . . HO, C14H4 (NOj,) O3 

Diiiitrobcnzoic . ! * . . HO, C14H3 2 (NO4) O3 

Nitrocirmarnic .... HO, Cj^H^ (NO4) O3 

Nitrosalicylic ...... HO, (NO4) O, 

Nitranisic HO, (NO4) O,. 


(109 3) Action of Heat upon the Organic Acids . — A large num- 
ber of the monobasic vegetable acids, the hydrates of which contain 
4 or 6 equivalents of oxygen, may be volatilized without decompo- 
sition ; but the greater number of the more complicated polyba- 
sic organic acids arc decomposed by the ap]>lication of heat. 
Many of them give rise to acids of simpler composition, which are 
formed by the abstraction of the elements of water; or by the removal 
of the elements of carbonic acid; or by the loss of both water 
and carbonic acid. ISeverah of these new acids are volatile ; others 
undergo complete decomposition if subjected to a higher tempera- 
ture than that at which they were formed:— 'For example, citric acid 
by losing 2 equivalents of water furnishes aconitic acid : — 

Citric Acid. Aconitic Acid. 

3H0,C,,H50„ = 3HO.C,jHA + 2 HO; 

and at a higher temperature aconitic loses carbonic acid ; 

Aconitic Acid. Itaconic Acid. 

3 HO, CjoHjOg = 2 HO, O10II4O5 H- 2 COg. 

The action of a gradually increasing temperature upon tartaric 
acid is remarkable : this acid undergoes several different stages of 

X 3 
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dehydration, and then loses carbonic acid, in the manner shown 


in the 

subjoined equations :~ 

Tai’taric Acid. 

Tartralic Acid. 



(I) 

2 (2 HO, C^H^OJ = 

* Tartralic Acid. 

3 HO, 2 (C,H ,0 

Tartrelic Acid. 

10) d- 

HO ; 

( 2 ) 

3 HO, 2 (C«H, 0 ,„) = 

Tartrelic Acid. 

2 HO, 2 (C.H^O 

Tartaric Anhydride. 

10) + 

HO ; 

( 3 ) 

i HO, 2 (C«H, 0 ,o) = 

Tartaric Anhydride. 

2 (c„H,o„;) 

pyruvic Acid. 

- A 

+ 

2 HO ; 

( 4 ) 

2 (OsH/l,,,) = 

Pyruvic Acid. 

2 HO, C^HjOjo 

Pyrol art aide Acdd. 


4 CO, ; 

fe) 2 HO, C,,H«o;, = 2 HO, C,„H, 0 « 

Again, malic acid, by the loss of water, 
malacic) acid ; 

MhUc; Acid. Fumaric Acid. 

+ 2 CO, . 

yields fumaric (para- 


/ HO, 0«1I,0« = 

/ho, 

+ 

2 HO 5 


and fumaric acid by sublimation is converted into its isomeride 
malaeic acid. ‘ 


In like manner gallic acid by /the loss of 2 equivalents of 
carbonic acid yields pyrogallic acid ; and pyrogallic acid in its turn, 
by the loss of 2 ecjuivalents of water, furnishes metagallic acid : — 

Gallic Acid. PyroKallic Acid. 

3 HoTci^,0, = {yM)„ + 2 CO, i 

Pyrof^Jillic Acid. Mctaffallic Acid. 

6^0^, = C^lCo, -f 2 HO. 

Results closely analogous are afforded by the decomposition 
of mcconic acid; a solution of wliich, at a temperature not exceed- 
ing that of boiling water, is converted into comenic acid by tlic 
loss of 2 equivalents of carbonic acid; and comenic acid itself if 
Bul)jc(‘lcd to (Ustillation loses 2 equivalents of carbonic acid, and 
furnishes another distinct volatile acid, the pyromeconic : — 

>l<'i onic Acid. Comenic Atid. 

^HO, = rSo. + aCO,j 

Comenic Aeiti. Pyromeconic Acid. 

Tno, CioHp, = HO. 4- 2C0^. 

(1094) Effects of Chlorine, vpon the Acids . — Chlorine 
generally acts upon the monobasic acids simply by displacing 
hydrogen, thus producing a body of the same chemical type as the 
original acid, and containing the same number of elements simi- 
larly arranged. In acetic acid, for instance, the 3 equivalents of 
hydrogen may be displaced by 3 equivalents of chlorine ; and tri- 
chloracetic acid, which is analogous to the original acetic acid, is 
produced ; HO, C4H3O3 + 6 Cl = HO, C4CI3O3 + 3 HCl. 
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By a substitution of a similar kind, benzoic acid (HO, 
yields 6hlorobenzoic acid IIO, C14H4CIO3. In other instances, 
especially in the more complex acids, the original group of ele- 
ments is broken up into two or more groups of simpler constitu- 
tion. Thus citric acid (3 HO, CjaHsOn), when treated With chlorine, 
yields a neutral chlorinated body (CyClgOg), besides other products. 
The action of bromine and of%iodine is analogous to tliat of 
chlorine, but with differences depending chiefly upon the feebler 
character of their affinities. Peroxide of nitrogen may also be 
substituted for a part of the hydrogen, ccpii valent for equivalent ; 
but in this case the acid character of the nitric acid whence it was 
derived, entirely disappears. 

(1094 l/'is) It is remarkable that several of the hydrated organic 
acids have a composition identical with that of fructose or frnit 
sugar, if the ultimate analysis only be considered ; thus furnishing 
additional evidence that chemical character depends quite as much 
upon the mode of arrangement among the elements^ as upon the 
nature of those elements themselves: — 

3 Eqta. Acptic Add, ^ 4 T ijl. Lactic Acid. i Eqt. Frucioso. 

cjjA) = $"110, 

Many of the acids contain oxygen and hydrogen in exactly the 
projiortions required to form water : such, for example, as the 
lactic, the acetic, the kinic, the pyrotartaric, and some othc^rs. 

(1095) Combined Action of Heat and Bafica on the Acids . — Many 
of the organic acids when fused with hydrate of potash are decom- 
posed hj it into acetic and oxalic acid, with separation of water, 
and sometimes with evolution of hydrogen, for example : — 

Malic Acid. Oxalate ci’ CotaBh. Acetate* of Potash. 

rioT^IA + 3 (KO. HO) = 2 KO, 4 - 4 nO+ 

Mucic Acid. Oxalate of Potash. Acetate 4)f Potash. 

2 HO, Ci2HgOi4-f 4 (KO, HO) = 2 KO, 0 , 0 ^ -f 2 (KO, C^Hp,) + 8 HO. 

When the salts of anj' of the monobasic acids, which in their 
‘State of normal hydrates contain 4 equivalents of oxygen, are dis- 
tilled with hydrate of baryta, they undergo a peculiar decomposi- 
tion, carbonic acid is retained by the baryta, and a hydro-carbon 
is given off*; for example: — 

Acetate of Soda. Marsh Gas. 

SraO, C^ HaOa + HO, BaO = Ch? + NaO, COj + BaO, COj ; 

Benzoat e <*f Lime. Benzole. 

CaO, C14H5O3 -f HO, BaO = 4- CaO, CO2 + BaO, COj. 

In this manner the salts of the following acids may be decomposed : — 

Toluic acid . . HO, C13H7 O3, yielding Toluole . . C14H8 

Cinnamic acid . HO, C^gHy O3, „ Cinnamole . Ciell^ 

Cuminic acid . 110 , C3QH11O3, „ Cumole . . Cj8Hi3 
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When the salts of acids^ which in the state of normal hydrates 
contain 6 equivalents of oxygen, are similarly treated, oxidized 
compounds are obtained, and a carbonate of the base remains in 
the retort, as in the former case : — 

Anisate of-Soda. AniHole. 

NaO, + no, BaO = NaO, CO, + BaO, COj + 

Salicylato of Lime. ^ Carbolic Acid. 

CaO, ChHA + HO, BaO = CaO, CO^ -f BaO, CO^ + HO, CigHA 

( r 096) The Acetones^ or Ketones . — ^Wheri the lime or baryta salt 
of any of the volatile acids (the normal hydrates of which contain 
4 equivalents of oxygen), is submitted to dry distillation, the acid 
undergoes decomposition, and amongst the volatile products which 
come over, is a body which has been termed the ketone of the 
R'^id : the new body which is formed bears the same relation to the 
acid from which it is obtained that acetone does to acetic acid. 

The general properties of this class of compounds may be 
illustrated by a description of acetone, wdiich has « been examined 
with care. 

A 

Acetone (CyllA)- <^f liqiAd 0*792, of vapovr 2*002. — 

When acetate of lime is mixed with an excess of quicklime, jfhd 
submitted to distillation, 2 equivalents of acetic acid lose 2 equi- 
valents of carbonic acid, and a volatile inflammable liquid passes 
over, to which the formula C(5ll,^02 has been assigned : — 

Acetate of Lime. Carb. of Lime. Acetone. 

2^0, CAaO,) = 2 (CaO, exy -f CJfA. 

'W hen the vapours of acetic acid arc transmitted through a heated 
porcelain tube they are resolved into acetone, carbonic acid, and 
Avater ; 2 (CJl/)^) = 2 COg + 2 HO -f C^jHA ; but a better mode of 
preparing acetone than either of the foregoing ones consists in distil- 
ling crystallizcfl acetate of lead, Avith half of its weight of quicklime. 

Acetone is a colourless liquid, with agreeable ethereal odour, 
and a pungent taste. It boils at 133°, and yields an inflammable^ 
vapour, which l)urns Avith a clear, white flame. When heated 
Avith hydrate of potash, it yields at a moderate temperature a 
mixture of acetate and formiate of j)otash, with liberation of 
hydrogen ; — 

Acetate of Potash. Fomiate of Potash. 

CcHcOa + 2 (ZO, HO) -f 2 HO == ko, + 613. 

At a higher temperature carbonate of potash and marsh gas are 
the result ; — 

+ 2(K0,H0) = 2(K0,C02) + 2"(C^). 
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Considerable doubt exists as> to the true nature of the ketones. 
Kane regards acetonej which has been more thoroughly examined 
than any of the others, as a sort of alcohol (CgHgO, HO) which 
he has termed mesitic alcohol; and by distilling it with sulphuric 
acid he has obtained a compound having the composilnon 
which corresponds to the ether of such an alcohol ; he also pro- 
duced other bodies corresponding^to iodide and chloride of cthyle. 
Acetone forms with sulphuric acid, a double acid (2 110, 
C^HgO, 2 SO3). But this sulpho-acid is dibasic, unlike the true 
vinic acids; moreover, acetone cannot be recovered from it when 
it is decomposed by the hydrated alkalio^; whilst all the true 
alcohols may be re-produced from the vinic sulpho-acids when 
they are decomposed in this manner by the alkalies. 

Gcrhardt and Chancel are disposed to consider acetone ratl^er 
as a species of aldehyd, in which an equivalent of hydrogen is 
displaced by an eouivalcnt of methyl; 

E thy lie aldehyd C.1II3O2, 11 , being hydride of othyl^ and 
Acetone being Cj,ll-P2> methylide of othyL 

The ketones resemble the*aldehyds in their power of forming 
crystalline compounds with the bisulphites of potash and soda. 

Any view which is adopted for acetone would be extended to 
the other members of this group, which are all homologous with 
it ; thus : — 

Acetone = Cg Ilg O3, or C4 11303, C2H3, methylide of othyl 

Propione = CiqHi() 02, „ H5O3, C4II5, ethylide of propionyl 

Butyrone = CJL.JII14O2, „ Cy H7O2, Cyll^, tritylidc of butyryl 

Valcrone = Ciylliy02, „ CioH{P2^ tetrylide of valeryl. 

The following results obtained by Stsedclcr from acetone [Ann. 
de Chimie, III. xlii. 226) have tended to confirm these views of 
Gerhardt and Chapccl: Chlorine forms with acetone various sub- 
stitution products, the most remarkable of which is one in which* 
five equivalents of hydrogen arc displaced by five of chlorine ; a 
compound, CgHClgOg, analogous to chloral is thus formed ; it has 
a sp. gr. of from r6 to 17, it is not solidified by a cold of — ^4®, 
and it boils at about 374''. This body has the property of com- 
bining with eight equivalents of water, with which it forms a 
soluble crystallizablc substance analogous to hydrate of chloral. 

Acetone when saturated with gaseous ammonia yields a liquid 

* Othyl is the term proposed by Williamson for the compound C4H3O3, 
which Gerhardt has termed acetyl, but which must not be confounded with 
Liebig’s acetyl, C^Hj. 
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which reduces the salts of silver, in a manner similar to the cor- 
responding mixture with aldehyd. If this acetonic solution of 
ammonia be left to itself for some time, it is spontaneously trans- 
formed into a new base, acetomrie or acetonia (CigHigNa) \ and 
thCj^same change is effected more rapidly by exposing the mixture 
for some hours in a sealed tube to a heat of The decom- 

position by which it is formed, v, similar to that by which benzo- 
line is produced from the oil of bitter almonds (1068) : — 

Acoione. Acetonia. 

4 - 2 H,N = C^,n 7 + 6 ho . 

Acetonia is a coloffrlcss alkaline liquid, of a peculiar urinous 
odour* and a burning taste. It is readily soluble in water, alcohol, 
and ether. Ilydrochlorate of acetonia forms with bichloride of 
jtititinum, an orange-yellow, crystalline double salt, (CjgHjgN2, 
IICI, PtCla). The binoxalatc (llO, CigHigNg, HO, 040^ + 2 Aq) 
is soluble in alcohol, and crystallizes readily from this solution. 

Acetone also* forms an acid homologous with the lactic. This 
compound, termed acetonic acid (2 UOf Ciolli^Ojo) may be obtained 
by heating a mixture of acetone and hydrocyanic acid with hydro- 
chloric acid, when the following reaction occurs : — 

Acetone. Ifydrocy. Acid, * Acetonic Acid. 

+ 27577^7 + 8 no -F 2 HCl == 2^^^ c 7 i 1 h^ + 2(H4N,C1). 
Acetonic acid crystallizes in prisms ; it has a sour taste, and is freely 
soluble in water, in alcohol, and in ether. It forms crystallizablo 
salts ; the aceionate of zinc (2 ZnO, 4 Aq) is very 

sparingly soluble. The baryta salt is soluble in alcohol. 

The attempt to procure a base homologous with glycocinc and 
alanine, by the action of hydrocyanic acid upon acetone, was 
unsuccessful. 

It is probable that each of the other ketones would yield ana- 
logous compounds to those which Stsedeler has procured from 
acetone. Eacli of the ketones is metameric with a corresponding 
term in the series of tr\ie aldchyds ; for example : — 

Acetone = Cg II^ O3 = Propionic aldehyd. 

Propione = =: Valeric aldehyd. 

Butyrone = = GEnanthylic aldehyd. 

By careful oxidation, Stsedeler succeeded in converting acetone 
into propionic acid. 

The formation of ketones has also been observed in the case 
of several monobasic acids which do not belong to series of the 
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fatty acids. Benzoic acid, for example, is decomposed in the fol- 
lowing manner : — 

Benzoate of Lime. Benzone. Carb, of Lime, 

MCaO, C^HA) = CAA -f . 

The products of the distillation of the lime salts of 'the diljjisic 
acids, such as the lactic and suberic acids, do not fall strictly into 
the class of ketones. The substjwice termed lactone, for instance, 
consists of instead of CioHioA ; and suberonc is Cj^jUj^Oa, 

instead of 

(1097) Oxychlorides of the Monobasic Acids . — The acids of 
the lower members of the scries HO, can readily be 

made to furnish volatile compounds in which one equivalent of 
oxygen, as contained in the anhydrous acid, has its place supplied 
by chlorine. With acetic acid (HO, C4lI;^0;J, an aceiic ^x v- 
chloride may be obtained, consisting of C^lL^O^Cl. In preparing 
these compounds Oerhardt heats together a mixture of one equi- 
valent of the ojcychloridc of phosphorus* with three equivalents of 
the anhydrous potash or soda salt of the acid. For instance : — 

Butyrate of Soda. OxyoMor. «PlR>sph. Phoaph. of Soda, Butyric Oxyehloride, 

^(NaaCgHAr + POA, = 3Na0,P07 + ^Cgll.O.Cir. 

In some cases it is more advanJ:ageous to mix terchloride of plios- 
phorus with the monohydrated acid, in the proportion of two equiva- 
lents of the acid to one equivalent of the chloride of phosphorus. In 
the case in which acetic acid is employed, the reaction is as follows : — 

Acotic Acid. Acetic Oxynhloridc. 

27110, c^iA) -f PCh = Ho,ro 3 4 - HCi + 7 (c^H 3 aci)? 
And on distilling the mixture, the new compound passes over, 
wdiilst phosphorous acid remains in the retort. By these methods the 
following oxychlorides have been prepared : — 


Oxychlorides., * 

Formulm, 

Boiling-point. 

Specific Gravity. 

' Liquid. 

Vapour. 

Acetic ox3^chloride . . 
Propionic „ . . 

Butyric „ • * i 

Valeric „ . . 1 

Pelargonic „ ’ • | 

aH,o,ci 

Coll.O.Cl 

C„H, 0 .,C 1 

c,„H,o:ci 

c,,H„o;ci 

170 

203 

239 — 248 
428 

1125 

roos 

00 


One equivalent of each of these bodies yields four volumes of 
vapour. The vapour of these compounds is extremely irritating 


^ Gerhardt has given an easy method of procuring oxychloride of phos- 
phorus for these decompositions. It consists in distilling 5 parts of perchloride 
of phosphorus with rather more than i part of crystallized boracic acid, when 
the following reaction occurs ; 3PC]a+2(3H0,B03)=3P02Cl3-f 6 HCl-h 2BO3. 
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to the lungs^ and their manipulation consequently demands great 
care, otherwise the health of the operator would be seriously 
endangered. Water immediately decomposes these oxychlorides 
into the hydrated acid and free hydrochloric acid. The action of 
a fqw drops of water upon acetic oxychloride is so violent as to 
amount to an explosion ; C4H3O2CI + 3 HO becoming HO, 
C4H3O3 -h HCl. Oxychlorides corresponding to the foregoing 
compounds may also be obtained with the aromatic acids, such as 
the benzoic, cinnamic, and cumiiiic acids. 


OjtychloridcH. 

Forxnulffi. 

Boiiin,; 

point. 

0 JO 

Specific Gruvity . 

^Liquid. 

Vapour. ^ 

Benzoic oxychloride 

Cinnamic 

Cuminic 

Anisic 

0 ,C 1 
0 ,„H. O.Cl 

1 0,oH„0,Cl 
0 ,V 1 

385 

50-2 

495 

504 

1*25 

1*207 

I 070 

1*261 

4-987 


(Cahours, Ann. de CMniie, HI. xxiii. 337). 

These oxychlorides, tliough unimportant in themselves, have in 
the hands of Ocrliardt, led to the unexpected discovery of a general 
method of procuring the anhydrides of the acids from which they are 
derived (1099). If oxybromide of phosjdiorus be used instead of 
the oxychloride for decomposing the salt of the organic acid, oxy- 
bromidos of corresponding composition may be procured. 

(1098) Oxychlorides of the dibasic acids, such as the succinic 
oxychloride (C^H 40,012), and citraconic oxychloride (Ci()H404Cl2), 
may also be procured, but it is best in these cases to act upon the an- 
hydrides of these acids with the perchloride of phosphorus: they arc 
obtained in a state of purity with dilliculty, since they arc generally 
decomposed at a temperature below their point of volatilization. 

(1099) The Anhydrides, or Anhydrous Acids , — The oxy- 
chlorides of the monobasic acids may be employed to furnish the 
anhydrides of their respective acids, by causing an equivalent of 
the oxychloride to decompose an equivalent of the dry potash or 
soda salt of the acid to which it corresponds. For instance, in 
the preparation of acetic anhydride, an equivalent of acetic oxy- 
chloride is treated with an equivalent of anhydrous acetate of 
potash, when the following reaction occurs : — 

Acotic^Oxychloride. Acetaift of ^ Acetic Anlaydride. 

C.HgOgCl + KO, = KCl -f 

The oxychloride of phosphorus is condensed readily, wliil^ the hydrochloric 
acid passes olF in the form of gas, and anhydrous horaeic acid is left in the 
retort. Oxalic acid may be substituted for boracic acid in this operation, but 
it does not answer quite so well. 
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It is not necessary to isolate the oxychloride in order to procure 
the anhydride of the acid, for if one equivalent of oxychloride of 
phosphorus be made to act upon six equivalents of the anhydrous 
salt, instead of upon three equivalents, as would be required in 
the preparation of the oxychloride of the organic acid,^ compound 
reaction occurs. The oxychloride of the acid is first’ formed, \nd 
this body in the moment of its formation reacts upon the excess of 
the salt employed, and the anhydride is at once liberated. For 
example, in the preparation of acetic anhydride, these two stages 
would be thus indicated : — 

Oiychlor. Phosph. Acetate of Potash. Acetic Oxychloride. 

(r) PO.Cl, + 3 (Ko! = 3 ZO, PO^ + ^(cJ0^)7s 

Acetic Oxychloride. Acet^^te of Potaah. Acetic Anhydride. 

(2) = 3 f:ci + 

Or the whole may be comprelicnded in a single equation such as the 
following, which represents the preparation of valeric anhydride : — 

Oxychl. • ^ 

Phosph. Valerate of Potash. Valeric Anhydride. 

P0,ci3 + 6(KO,G„nA) =^i 0 ,P 03 + 3^01 + 

Gerhardt and Cliiozza have thus obtained the anhydrides of 
the following acids : — • 


Anhydrides. 

Fornjul®. 

Doiling Point ° P 

1 Spedlic Gravity, 

j Liquid. Vapour. i 

Acetic : . . 

(C,ir3 0,, c,h,03) 

280 

1073 

3'47 

Butyric . . . 


374 

0-978 

3-38 

Valeric . . . 

(C.JLO3, c, ,,11,03) 

419 

0934 

6-23 

Caproic . . . 
(Enanthylic . . 
Caprylic . . . 
Pelargonic . . 


about 536 

0-92 


These anhydrides Ussume the form of neutral oily bodies, which 
are insoluble in water, but which by contact with this liquid are* 
gradually converted into the corresponding hydrated acids. They 
are susceptible of volatilization without undergoing decomposition. 
They possess, in many cases, an odour distinct from that of the 
hydrated acids to which they giv^ rise. In. entering into com- 
bination with ammonia, they form amides or salts of amidated 
acids (1047). 

But the mode in which these compounds arc formed is of 
greater interest to chemical theory than the mere fact of their 
existence. They are formed, it will be observed, not by the 
abstraction of water from the hydrated acids, nor by the removal 
of a metallic oxide from one of the salts of the acid, but by 
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a true process of substitution, so that the anhydrides of these 
monobasic acids cannot be accurately represented by any formula 
■which would indicate that they consisted of a salt deprived of 
its base, or of a hydrate deprived of its water. For example, 
acetic acid in its most concentrated form, is represented as HO, 
C jKjjOg, and acetate of potash is KO, C4II3O3, but acetic anhydride 
is not sinjply 041X303. It is truly C4H3O3, C4H3O3, since it is 
formed by substituting an equivalent of C4H3O2, in the place of 
an equivalent of hydrogen or of potassium : — 

Acetate of Potash. Acetic Osy chloride. Acetic Anhydride. 

OIO, + (Cjipjci = KCI -f 

The normal (1168) specific gravity of the vapour of mono- 
hydrated acetic acid (at 482° F.) is 2*080*; that is to say, i equi- 
vi\)ciit yields 4 volumes of vapour : the density of the anhydride 
is 3*47, — eonscquently its equivalent (supposing it to yield 4 
volumes of vapour) must be represented by the formula (C4H3O3, 
C4H3O3). But tlie following proof of the correctness of the theory 
of this duplicate composition of the apliydrides, will, perhaps, by 
many be esteemed still more convincii^. 

(1100) Double Anhydrides . — The anhydrides already enu- 
merated are not the only ones ^vhieh Gerhardt has succeeded 
ill obtaining. Benzoic, cinnamic, and cuminic oxychlorides may be 
jirocurcd, by processes analogous to those already described for 
the preparation of the acetic arid other oxychlorides ; and the cor- 
responding anhydrides were obtained by employing these oxy- 
chloi’ides to decompose the anhydrous salts of benzoic, cinnamic, 
and cuminic acids : — 



Oxychlorides. 

Anhj'drides. 

BcMizoic 

Cinnamic 

Cuminic 

Nitrohenzoic .... 
Salicylic 

C..F, 0 ,C 1 

C,„U, O.Cl 

^14 114 1 0 Cl 
NO.) 

C,.T1, O.Cl 

(C1.F5 O3, Ci.Fg O3) 

(C’lgH, 0 ,, CigH, 0,) 

(C3„ii' 0 ;. c,„ii.,o;) 

^»n6. 1 

(C..IIg Og, C..Hg Og) 


Gerhardt, however, did not stop liere ; he employed the 
oxychlorides already described, to decompose the salts of other 
acids. Thus benzoic oxychloride was made to decompose dry 
cumiriate of soda, and in this manner a benzo-cuminic anhydride 
w as obtained by tlie following reaction ; — 

Benzoic Oxychloride. Cuniiuate of Soda. Benzo-cuminic Anhydride. 

+ NaO, Cj„H„ 03 = NaCl + (Ci.u'.O,, 

By decomposing cinnamatc of soda by benzoic oxychloride. 
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benzo-cinnamic anhydride was obtained ; and by similar methods 
the various compounds enumerated in the following list were 
procured : — * 


Benzo-cuminic anhydride . 
Benzo-cinnamic anliydrido . 
Benzo-benzoic anhvtlride . 
Benzo-acetic anhydride . . 

Cinnamo-acetic anliydride . 

Benzo-nitro-benzoic anhydride 

Benzo-salicylic anhydride . . 

Aceto-salicylic anhydride . . 

Benzo- valeric anhydride . . 


CnH.Oa, 


^ 20 ^ 11^3 

Q18H7 O3 
II3 03 

C"H;0"3,C,H3 0; 
O14H.O3. 

C\ II3O3, 




I 

Cuir,o. 

C.„UA 


These compounds arc liquid at ordinary temperatures^ and 
assume the form of neutral oils, which are heavier than water ; if 
left in contact with water they are gradually converted into a mix- 
ture of the two monohydrated acids from which they are ; 

benzo-acetic anhydride, for instance, combining with two cejuiva- 
lents of water, and forming a mixture of normal benzoic and acetic 
acids. If it be attempted to submit these double anhydrides to 
distillation, they become d^sepmposed, and arc generally resolved 
into their component anhydrides. It is obvious that the fore- 
going list might be increased almost indefinitely, were tlicrc any 
inducement to add to the number of these compounds ; intrin- 
sically they are unimportant, but the interesting point which is 
indicated by tlieir discovery, is the fact that the anhydrides of the 
monobasic acids arc really complex bodies, resulting from 
the combination of two subi>tances of similar composition : the 
true benzoic anhydride, or bcnzo-bcnzoic compound, which stands 
third upon the foregoing list, being perfectly analogous, not 
only in its mode of formation, but also in its properties, to the 
other bodies with which it is associated ; it is, however, more 
stable than they arc, and can be distilled without experiencing 
decomposition. ♦ 

(iioi) Anhydrides of the Dibasic Acids , — ^With the dibasic 
acids the case is different. The anhydrides of these compounds 
can often be obtained from the hydrated acids, by the simple 
application of heat to these bodies, or by distilling them with dehy- 
drating agents, such as anhydrous phosphoric acid. In this 
manner, for instance, chemists have been enabled to procure the 
following anhydrides of dibasic acids : — 


Succinic anhydride Cg H4O0 
Malseic . . . . Cg HgOg ^ 

Tartaric . . . Cg H4O10 

Pyrotartaric . . CigHgOg 


Citraconic . ^ 10^4 Og 

Lactic .... CiaHjgOio 
Phthalic . . . CieH4 0 e 

Camphoric. . . C2oHi40g 



318 


ANHYDXllDES OP THE DIBASIC ACIDS. 


These being residues of dibasic acids are already double anhy- 
drides^ and it will be observed that in every case the number of 
equivalents of each clement is divisible by two. Succinic anhy- 
dridcj for instance^ may still be represented as formed upon the 

typp of the double atom of water jjjOg, thus 1^2^ and the 

same may be said of tartaric anhydride indeed of all 

L/4II2U4J 

the others. 

It is worthy of remark, that these dibasic acids are the only 
acids which form vinie or cthylic acids, such as sulphethylic, 
oxalethylic, and tartrcthylic : and it is they only that can 
furnish the amidated acids, such as the oxamic, tartramic, and 
lactamic acids.* 

hifitead of causing an oxychloride of a monobasic acid to 
act upon one of the salts of another monobasic acid (as when ben- 
zoic oxychloride (chloride of benzoyl) is made to act upon dry 
acetate of potash), the oxychloride be made to ®act upon the 
corresponding salt of a dibasic acid,*f« double anhydride is not 
formed, but a mixture of two separate anhydrides is the result. 
Thus, if benzoic oxychloride be made to act upon dry succinate 
of soda, a mixture of succinic ^nd benzoic anhydrides is ob- 
tained. This result may be explained as follows : — 

Each equivalent of the salt of a dibasic acid contains within 
itself two equivalents of a metallic oxidq, in addition to the ele- 
ments of the corresponding anhydride ; there are consequently two 
stages in the reaction. In the first of these stages the oxychloride 
decomposes the salt into the anhydrous acid, and into a new salt of 
the monobasic acid corresponding to the oxychloride used; and in the 
second stage, this newly formed salt is in its turn decomposed by 
an additional ejuantity of the oxychloride, as in the case of the 
«anonobasic salts where this latter reaction is the only one which 
occurs.t Eoi- example : — 

Bucciiiio 

Oxychhiriile. Suednate of Soda. Anhydride. Benzoate of Soda. 

iBt Stage; ci^,05cT+2'NaO,C„n^= Cji7o7+ NaCl + 

Benzoic Oxychloride. Benzoate of Soda. Benzoic Anhydride. 

2nd Stage; 4 - NaO, + NaCl. 


* The compound improperly called henzamic acid (HO, Ci^HgNO,) 
is not an amidated acid at all (1209), ^i^d therefore is no exception to this 
rule. 

t Upon Gerhardt’s theory, the sole difference between the anhydrides of 
the dibasic and the monobasic acids, (for example, between succinic and acetic 
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The action of perchloride of phosphorus upon .the hydrated 
acids affords a means of distiiig^iishiug between the dibasic and 
the monobasic acids. In both cases the oxychloride of the acid 
is formed, but in the case of the dibasic acids the reaction occurs 
in two stages, in the first of which the anhydride of^the acid is 
produced, whilst in the second stage this anhydride, passes into 
the oxychloride; but with the monobasic acids there is only 
one stage : hydrated succinic aeffl, for examjde, thus yields in 
the first place anhydrous succinic acid, hydrochloric acid, and 
oxychloride of phosphorus ; and in the second stage of the re- 
action with an additional quantity of the perchloride of phos- 
phorus, oxychloride of phosphorus, and succinic oxychloride, are 
formed : — 

Perchlor. Succinic Oiyelilor. 

Succinic Acid. Phosph. Anhydride. Ph<)sph. 

ist stage ; 2 HO, G,n,,Oe + Pcl^L,=ciiH,Oj + fo.Cl, + 2 Hei'; ' ' 

Succinic Anhydride. Succinic Oxychloride. 

2nd stage ; + PClsClarzC^HACl^ + PO^Clg. ^ 

Perchloride of phosphoi;us fiever yields the anhydride of a 
monobasic acid by acting upon the hydrated acid ; but the corre- 
sponding oxychloride is formed at once, whilst oxychloride of 
phosphorus and hydrochloric acid are liberated. Thus : — 

Aoclic Acid. Acetic Oxy<*bloride. 

HoT^H^g + PCI 2 CI 3 = C^HACl 4- HCl 4- PO.Clg 


(1102) Gerhardfs Theory of the composition of the Monobasic and 
Dibasic Acids . — The important experiments which Irnve just been de- 
tailed, have given great additional ])robability to a theory of the con- 
stitution of organic componnds, long advocated by Laurent and 
Gerliardt, and which we shall briefly explain in its application to the 
monobasic and dibasic acids. The Ixi^sis of this remarkable theory 
is, that the normal acids ^ or hydrated acids as they are usually 
termed, arc formed upon the type of the molecule of water, which* 


molecule is supposed to consist of 


H") 

jj ^ 0 : the equivalent of oxygen 


anhydrides, supposing them both to be compared with the molecule of water 
taken as ^ > O), is, that the two molecules of hydrogen assumed by Gerhardt 

to exist in the molecule of water, are displaced in the dibasic anhydride by a 
single indivisible group (such as ^411402= C8H4O4), whilst in the monobasic 
anhydride this displacement is effected by two identical groups, (such as 
C2II3O = C4H3O2), wliich need not coexist in the compound, but one of 
which can be exchanged for another similar or corresponding group. (See 
also § 1102.) 
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being double of that generally admitted.* It is assumed that 
hydrogen is incapable of existing in a separate form^ except in 

the condition of the double atom . This double atom, how- 

ever, is divisible vrhen in combination; the divisibility being 
evidenced 'by the circumstance that one atom (H) admits of 
being displaced by an atom of some other body, or group of 
bodies, which represents hydrogen when in combination. In the 
hydrated monobasic acids, such a substitution is supposed to have 
occurred ; acetic hydrate (monohydrated acetic acid) being repre- 
sented as the group C2H3O occupying the place of one 


of the molecules of hydrogen in the atom of water. If the place 
of the second molecule of hydrogen in the typical atom of water 
bo^9ccupicd by a metal, a salt of the acid is formed ; thus, acetate 

of potash would be i which a molecule of potassium 

has been substituted for the second molecule of hydrogen. 
Further, if tlie second equivalent of^ hydrogen be displaced by a 
second group^ similar to that which occupies the place of tlie 
first, the anhyfiride of the acid is obtained ; thus acetic anhydride 

would be which the position of both the molecules 

of hydrogen in the typical atom of water, is occupied by the group 
C^lhO. 

The normal hydrates of the dibasic acids are supposed to have 
a different constitution ; for in them a single indivisible group of 
atoms is considered to be combined with a molecule of water; 

succinic hydrate, for instance, being (^4^402,0, When one 

of the molecules of the hydrogen contained^ in the basic molecule 
water is displaced by a single equiralcnt of a metal, an acid 
salt is formed : acid succinate of soda, for instance, being 
Na) 

f O, 0^3.4^02, 0 ; and when the second molecule of hydrogen is 

displaced by a second equivalent of a metal, a neutral salt of the 
dibasic acid is produced j succinate of potash and magnesia, for 
K 1 

instance, being O, Further, when the molecule 


* Gerliardt’s double equivalents of oxygen, carbon, and sulphur, are here, 
as elsewhere, represented in itahe capitals ; thus, 0 =i 6 , C zs. 12, 8 32 ^ 
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of watfer 18 abstracted altogether, the anhydride of the acid is left : — 
succinic anhydride thus consists simply of the hydrated acid 

deprived of its molecule of basic water ; 0, be- 

ll*) 

coming separated into and 

This theory has the merit of accounting for the necessity of 
forming the anhydrides of the monobasic acids by substitution ; 
whilst it also explains the possibility of procuring the anhydrides 
of the dibasic acids by simple dehydration. 

In order that a clearer idea may be obtained of the difference 
between Gerhardt^s view and the one usually adopted by chemists, 
we subjoin an example of the application of the formulae of both 
theories to acetic acid, which has been selected as the type of a 
monobasic -j and to succinic acid, which may serve--u;s*xhe 
type of a dibasic acid.* 


• 

Monobasic Acid. 

Ordinary View. 

#• • 

Gerhardt. 

Hydric Acetate, or 

Hy orated Acetic Acid 
Jbtassic Acetate, or 
Acetate of Potash 


HO. c,nA 

aji^o 

H 



•ko. C,U ,03 

CsAo 

K 

0 

Acetic Acetate, or i 


c,HA.c,nA 

CMM 

1 0 

\ 

Anhydrous Acetic Acid j 


j 


Dibasic Acid. 

{ Ordinary View. 

Gerhardt. 

Succinic Hydrate, or 
Hydrated Succinic Acid 
Acid Succinate of 
Soda . ' * 

Neutral Succinate of 
Soda 

Double Succinate of Mag- 
nesia and Potash 
Succinic Anhydride . . 

r 

1 

2H0, C„n,Oe 

NaO, HO, C„n,0, 

sNaO, 

KO, MgO, 

• C,H,0, 

H 

H 

H 

Na 

Na 

Na 

K 

Mg; 

0 , 0 

0 . CAOj. 0 

0 , 0 

j 0, C,H, 03 , o 
C^4H^02, 0 


* Although acetic acid, and the acids of the series to which it be- 
longs arc regarded as monobasic, it must not be forgotten that a large 
number of these acids form acid salts with potash, such as biformiate, bin- 
acetate, and bistearate of potash. No satisfactory explanation of the occurrence 
of these salts is afforded on the supposition that these acids are monobasic. 
The exact distinction between a monobasic and dibasic acid, therefore, stUl 
requires further researches for its elucidation. 


PART in. 


Y 
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LACTIC ACID AND ITS DERIVATIVES, 


§ II. DESCilPTION OP CERTAIN PoLYBASIC AciDS. 

(1103) All of the acids which will be described in the present 
section are polybasic; they cannot be traced to any specific 
organic radicle^ and are not readily referred to any other groups 
of com])Oi:^nds ; whereas the monobasic acids are usually compounds 
wdneh can be formed by oxidation from some other substance^ and 
therefore they are naturally described with the derivatives of that 
substance. The following are the acids which will now be con- 
sidered : — 


1. Lactic acid 

2. Tartaric acid 

3. Malic acid 

4. Citric acid 

5. Meconic acid 
Gallotannic acid 

7. Gallic acid 

8. Kinic acid 


2 HO^ C12H10O10 

2 HO, Cs H4 Oio 

2 HO, Cs H, Os 

3 HO, C12H5 Oil, 2 Aq 
3 HO, Ci JI On, 6 Aq 

2 HO, 

3 HO, C,Jl3 O, 

2 HO, C2SH20O20. 


2Aq 


The various acids derived from these by the agency of heat, 
or of chemical re-agents, will also bt tinefly described, in connexion 
"with the acid from which they arc obtained. 


I. Lactic Acid, and its Derivatives, 

(1104) Lactic Acid (2 IIO, — The circumstances 

most favourable to the production of this acid have already been 
mentioned (959). It is best obtained by dissolving 8 parts of 
cane sugar in about 30 parts of water; to this solution 1 part 
of casein, or of i)oor cheese, and 3 parts of chalk must be 
added : if this mixture be set aside for two or three weeks, and 
maintained at a temperature of 80°, it gradually becomes filled 
with a mass of crystals of lactate of lime. These crystals must 
be purified by re-crystallization, and treated with about one-third 
of their weight, or their exact chemical equivalent, of sulphuric 
acid ; the residue must then be digested in alcohol, which leaves 
the sulphate of lime and dissolves the lactic acid : pure lactic acid 
remains on evaporating the solution. 

Lactic acid is also formed in a variety of other processes : 
it occurs in the fluids of the muscular tissue, and is a fre- 
quent product of the acidification of vegetable substances : thus it 
is formed in sauer^kraut, iu malt vinegar, and in the acid fermenta- 
tion which takes place during the manufacture of wheat starch. 

In its pure state lactic acid forms a transparent, inodorous, un- 
crystallizable, synipy liquid of sp. gr. 1-21 : it has a sharp, acid taste. 
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and is soluble in alcohol and in ether : if J|fated gradually in 
vessels from which air is excluded, it may be distilled, though 
partial decomposition is apt to occur, luiless the heat be carefully 
regulated. When exposed to a long-continued heat of about 
a66°F. the acid gradually loses water, and is conYerted into 
or lactic anhydride^ which is a yellowish, fusible bit^r 
substance, nearly insoluble in water, but soluble in alcohol and in 
ether: by long contact with colfl water, it is converted into 
ordinary lactic acid : the same change takes place, more quickly, 
if it be boiled with water. 

If lactic acid be heated to about 500° P. * decomposition 
ensues ; carbonic acid and aldchyd are formed ; while a volatile 
acid, the citraconic, and a body termed laciide distil over. The re- 
lation of aldchyd to lactic acid is readily traced : — 

Lact/ic Acid. Aldchyd. 

= 4H0 + 4C0 + 

Aldehyd admits of being reconverted into lactic acid, as will be 
explained when speaking of alanine. 

Pelouze also obtained di;ryig the distillation of lactic acid, a 
volatile liquid, to which he gave the name of lactone (CioHaOj,) : 
it has a pungent odour, and boils at about 198°. 

Lactide contains (CigH^Oy), "the elements of anhydrous lactic 
acid, minus 2 equivalents of water : it is dissolved freely by boiling 
absolute alcohol, and crystallizes from it on cooling in brilliant 
rhombic prisms ; at 22 5° it fuses, and at a higher temperature it 
may be sublimed unchanged. Water dissolves it slowly but com- 
pletely, but it cannot be crystallized from this solution, since it 
passes at once into hydrated lactic acid, by assuming 4 equivalents 
of water. Lactide readily absorbs ammonia, Jihd is converted into 
lactamide ; CiyllyOy -}- 2 H3N = 2 ; this body is 

isomeric with sarcosine,. and with alaTu'nc. 

Lactates, — The lactic i?i a dibasic acid : the lactates arc soluble 
in water, but insoluble in ether, and nearly so in cold alcohol : 
those of the alkalies do not crystallize. Neutral and acid lactates 
may be formed with lin\e and with .baryta. Bilactate of baryta 
(BaO, HO, C22H10OJ0) may be crystallized : the neutral lactate 
is very soluble in water, and does not crystallize. Acid lactate 
of lime (CaO, HO, Ci2Hi(,Oio, 2 Aq) crystallizes in radiated needles. 
Neutral lactate of lime crystallizes in tufts of prisms, with 10 
equivalents of water. The lactate of zinc, 2 ZnO, CigHioOjQ, 6 Aq, 
is one of the most characteristic salts of this acid ; it crystallizes in 
crusts, consisting of four-sided prisms, which are sparingly soluble, 

y 2 
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Lactate of copper^^yxO, C12H10O10 4 Aq) is only incompletely pre- 
cipitated by hydrate of potash/ an excess of which* gives with 
it a deep blue solution ; but the whole of the oxide of copper 
is separated on the addition of an excess of hydrate of lime. A 
sublactate ,,of copper (4 CuO^ may also be obtained. 

Several other basic lactates may be formed^ which, like sublactato 
of copper, contain 4 equivalents of base. 

The variety of lactic acid which is obtained from the juice of 
flesh, yields salts which crystallize with a proportion of water 
differing from that contained in the salts furnished by the ordi- 
nary acid. The acid obtained from muscular tissue, may be dis- 
tinguished as the variety a ; its salts crystallize with smaller pro- 
portions of water of crystallization than those of the ordinary form of 
the acid, which may be distinguished as the variety j 3 ; thus it 
giveStj ^ salt of zinc, which contains only 4 equivalents of water, 
and crystallizes in slender needles ; it begins to undergo decom- 
position below 300®, whilst the salt of the ordinary acid may 
be heated to 400° without experiencing any decomposition. The 
neutral salt of lime, of the variety, also crystallizes with 8 equi- 
valents of w^atcr, and is less soluble than the variety j3, which crys- 
tallizes with 10 Aq. Similar differences are observed in the 
copper salts ; but the copper salt a is much the more soluble of 
the two. 

Lactic acid coagulates albumen ; when present in small quantity 
it does not curdle milk in the cold, but- does so if gently heated. 

The lactates, when heated with sulphuric acid, give off pure 
carbonic oxide, and deposit a solid brown matter resembling 
ulmic acid. ]ly nitric acid the lactic is converted into oxalic 
acid. 

The tests for lactic acid are not very definite. The best mode of 
identi tying it (whether it be free or in combination), consists in evapo- 
rating the liquid suspected to contain it, 'to the consistence of a syrup 
over a water bath, treating the residue with alcohol, and adding a 
small quantity of a solution of oxalic acid : the bases are thus sepa- 
rated in combination wdth the. oxalic acid ; but the lactic acid, and 
the excess of oxalic acid, remain dissolved. The acid liquid is care- 
fully neutralized by baryta water, which causes a precipitate of 
oxalate of baryta ; whilst the lactate of this base remains dis- 
solved. The lactate of baryta may be decomposed by adding a 
solution of sulphate of lime ; sulphate of baryta is thus separated, 
and the lactate of lime may be crystallized from the alcoholic solu- 
tion, and the form of the crystals ascertained by the microscope. 
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Lactic acid is largely produced in the animal body ; besides 
forming an unfailing constituent of the fluids of the muscular 
tissue, it is one of the acids contained in the gastric juice, and in 
cases of diabetes it has been found, by Lehmann, in the saliva. 
It has also been met with in the urine, but it is not dke of l^e 
normal constituents of this excretion : it has likewise been fre- 
quently found in the sweat. 

Lactic acid appears to belong to a group of homologous dibasic 
acids, consisting of the following members : — 

Glycolic acid 2 HO, Cg Hg 

Lactic acid 3 IIO, C12H10O10 

Ace tonic acid 2 IlO, 

Leucic acid 2 HO, C24H22O10 

2. Tartaric Acid, and its Derivatives. 

(1105) Isomeric forms of Tartaric Acid . — The remarkable re- 
searches of Pasteur [Ann. de Chimie, III. xxiv. 442, and xxviii. 
56) upon the optical and chemical j^roperties of tartaric acid, have 
opened a new and important iheHiod of investigating the molecular 
composition of organic bodies. He has proved the existence of 
two varieties of tartaric acid, whi^di may be distinguished by the 
peculiarities of their crystals. The crystals of each variety of 
tartaric acid arc always unsymmctrical ; but tli('. deficit in symmetry 
displayed ])y the crystals of one variety, is exactly the reverse of that 
manifested by those of the other variety. Each of these forms of tar- 
taric acid exerts a powerful cflcct of rotation upon a ray of polaj’ized 
light; but the effect produced by equal quantities of the two varieties 
of the acid, though equal in amount, is opposite in direction. One 
of the modifications exliibits a crystalline form, wdiich is termed 
dextrodiemihedral \ its solution produces right-handed rotation of 
a ray of polarized light :* tli^s variety is known as dexiro 4 artaric, 
or dextro-racemic acid : it is the usual form of the acid. The 
other modification is l(BVo 4 iemihedral, and produces a left-handed 
rotation of a polarized ray : this modification constitutes Icevo-tar-^ 
taric, or Imvo-racemic acid. The two acids are so related in crys- , 
talline form, that if a salt of the acid which is dextro-hemi- 
hedral be held before a mirror, the reflection of the crystal 
will exactly represent the form of the corresponding crystal of the 
IsDvo-hemihedral acid. Both these modifications are exactly 
similar in chemical properties, so long as they are combined with 
bodies which exert no action upon polarizevl light ; but this iden- 
tity in chemical properties disappears when they are united with 
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bodies endowed with rotatory power upon polarized light: for 
example, dextro-tartaric acid forms with asparagin a crystalline 
compound, whilst the Ijevo-tartaric acid forms with this body a 
gummy mass. 

f When' concentrated solutions of equal parts of dextro-lartaric 
and of Ijcvo-tartaric acids are mixed together, the temperature 
rises considerably : and on cooling, crystals of a different acid are 
formed. This new acid is identical with t\\c paratartaric or racemic 
acid: it has no longer the power of causing the rotation of a 
ray of j^olarizcd light, and it presents differences in its chemical 
reactions (1109) from those of either of its components. 

Yet, if the acid thus obtained be divided into two equal parts, 
one-half being neutralized with soda, then mixed with the other 
half of the acid and neutralized with ammonia, the solution on 
evaporation will yield crystals, each of which has a powerful rota- 
tory action on polarized light ; but the crystalline mass will be 
found to consist of a mixture of the right-hanjded and of the 
left-handed double tartrate of soda and ammonia, in equal propor- 
tions. The crystals of the two salts arc recognised by their oppo- 
site hemihedral form, and may be separated by hand. If all the 
right-handed crystals be dissolved separately in water, and decom- 
posed by adding a solution of nitrate of lead, a precipitate con- 
sisting of the dextro- tartrate of lead will be deposited. From 
this precipitate the dcxtro-tartaric acid may be separated by means 
of sulphuric acid, and may be obtained in crystals on evaporation : 
if the Isevo-hemihedral crystals be treated in a similar manner, 
Iscvo-tartaric acid may also be procured. 

It was by treating the natural racemate of soda of ammonia 
in this manner, and picking oht each crystal separately, that 
Pasteur was enabled to prove the existence of the two modi- 
fications of tartaric acid, and to show that racemic acid con- 
sists of a mixture of two acids which exert opposite effects of rota- 
tion on polarized light. 

Very few of the salts of racemic acid thus spontaneously 
separate into the two different hemihedral varieties of crystalline 
form; the racemate of cinchonicine (1074) is easily separable 
into its component crystals aiul the racemate of quinicine also 
exhibits a similar property. These salts may therefore be em- 
ployed for the purpose of isolating the two modificftions of 
tartaric acid, when they occur in combination : at a certain stage 
of concentration of the racemate of cinchonicine, the first crop of 
crystals consists chiefly of the Iscvo-tartrate. When racemate of 
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quinicine is employed, the crysj;als which are first deposited con- 
sist mainly of the dcxtro-tartrate. • 

(1106) Ordinary Tartaric Acid, or Dextroracemic Acid 
(2 HO, C8H4O10). — The principal supply of this acid is obtained from 
the grape; but it is also present in the tamarind and i© the unripe 
berries of the mountain ash : it is likewise frequently met with in 
small quantity in other plants. (Jrape juice contains it in the form 
of bitartrate, or as it is sometimes called, supertartrate of potash, 
constituting the crust or tartar which is deposited in the vessel in 
which the wine is kept. 

Preparation, — In order to prepare the acid, crude tartar is 
dissolved in boiling water, and chalk is added so long as efferves- 
cence occurs, 4 parts of tartar requiring about i part of chalk ; an 
insoluble tartrate of lime is thus precipitated, and neutral tartrate 
of potash remains dissolved. Tartaric acid being dibasic, tho change 
which occurs may be thus represented : — Two equivalents of bitar- 
trate of potash react upon two equivalents of carbonate of lime, and 
form one equivalent of dibasic neutral tartrate of lime, and one- of 
dibasic neutral tartrate of pdtash; thus : — 

Bit artrate of Potash. Carbonate of Lime. 

t * \ t > 

3 (KO, HO, • + 2 (CaO, COj,) yield 

Tartrate of Lime. Tjirtrate of Potash. 

2'C^O, CyHAo + 2!^, . 

The tartrate of potash in solution may be decomposed by the addi- 
tion of an equivalent quantity of chloride of calcium, and the whole 
of the tartaric acid may thus be separated as tartrate of lime. 

Tartrate of Potash. Tartrate 01' Lime. 

, * ^ , ^ , 

2 KO, C«E,Oio 4 - 2 CaCl = - KCl + 2 CaO, C^H^Oio . 

The product of the two operations is well washed, and digested 
with oil of vitriol diluted with 6 or 8 times its weight ofi 
water : for every 5 parts of tartar 3 parts of concentrated sulphu- 
ric acid are required ; the solution is allowed to digest at a gentle 
heat, sulphate of lime is formed, and tartaric acid set free. When 
cool, the liquid is filtered, evaporated in leaden vessels to the con- 
sistence of syrup, and allowed to crystallize; the formation of 
crystals is favoured by the presence of an excess of sulphuric acid. 

Properties, — ^The acid thus obtained assumes the form of 
oblique rhombic prisms ; when pure they arc colourless, transpa- 
rent, and permanent in the air. Tartaric acid is very soluble in 
water, in alcohol, and in wood spirit ; it has a sharp agreeable acid 
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taste. If heated with the caustic ^alkalies water is expelled, and 
oxalate and acetate of the has# .are formed — 

Tartaric Acid. Acetate of Potash. Oxalate of Potash. 

2HO, 3 (KO, HO) = KO, + 2 KO, Cfi, + 6 HO. 

Its aqueous^ solution becomes mouldy when long kept, is 
slowly converted into acetic acid. 

The crystals of tartaric acid when gently heated, become as 
strongly electrical as those of tourmaline. Its sohitioiis, par- 
ticularly when hot, exert a powerful right-handed rotation upon a 
ray of polarized light. When tartaric is boiled with nitric acid, 
oxalic acid is formed, together with an aeid homologous with the 
malic. Tartaric acid exhibits considerable tendency to combine 
with oxygon. If it be boiled with peroxide of lead it undergoes 
decomposition, water and carbonic aoid being produced, whilst 
forniiatc of lead remains in the solution : — 

Tartaric Acid. Formiate of Lead. Carbonate of Lead. 

2 ^ 10 , C„H4(\, + 6 PbO^ = aTl’bO, CJli).,) -f- CO^) -f 4 HO. 

The salts of silver, of gold, and of platinum arc also' reduced when 
boiled with tartaric acid. 


Tartaric acid is extensively used by the calico printer and dyer 
for the removal of certain mordants from particular portions of 
the cloth. It is also used in the preparation of eflervescing draughts 
with the bicarbonates of the alkalies. 

(1107) TartraU^s , — The tartaric is a dibasic acid, and it con- 
sequently has a strong tendency to form double salts, three varieties 
of wdiich may be distinguished : — 

I. Salts which contain protoxides only; such as — 

Rochelle Salt, . . KO, NaO, C.H^Oio, 8 Aq 

Cream of Tartar, . . KO, j^lO, CgH40io 

Tartrate of Copper andPotash, KO,< 3 uO, 

3. Salts wiiich contain both protoxides and sesquioxides, but 
on which the sesquioxidq is combined with the same proportion of 
acid as the protoxide ; such as — 

Tartrate of potash and iron . . . KO, PcgOg, CgH^Ojo 

Tartrate of potash and clirome . . KO, CgH^Ojo + 7 Aq 

Tartrate of potash and uranium . • . KO, CgH^Oio + Z Aq 

3. Salts analogous to tartar emetic. 


Tartar emetic, or tartrate of potash) 

and antimony | SbOg, CgH^Ojo + Aq 

Tartrate of silver and antimony . . AgO, SbQg, 08114010*^ 

Neutral tartrate of antimony ... 3 (SbOj), C8H4O10 +' 3 Aq 

Tartrate of potash and boracic acid . KO, BO3, CgHiOio 
Tartrate of potash and arseuious acid KO, AsO^, Cgll^io + 5 A,q. 
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The salts of this third class, with the exception of the com- 
pound with arsenious acid, arc remarkable for the property 
which they possess when apparently anhydrous, of losing two 
addition^ equivalents of water, so as to present a composition 
which may be regarded as presenting a certain resemMance to^^Jjihat 
of tartaric anhydride (Gcrhardt) : Sb (or its equivalent repre- 
sentative BO.^), being able to ocewpy the position of i equivalent 
of hydrogen in the compound ; thus : — 

At ordinary temperatures^ 

Tartaric acid consists of 

Neutral tartrate of antimony . „ Qsld4 2 2Aq 

Tartar emetic „ ( 81 ) 02 ) 0,2 Aq 

Tartrate of silver and antimony CgI]4Ag(S])02)0,2 

Tartrate of potash and boraeic acid „ CgTI^K (BOg) 0^2 

But when heaieddliey become, respectively ; 

Tartaric anhydride OyH^Oj^ 

Neutral tartrate of antimony at 374° . . . OgH., 2 (SbO.^) ^10 

Tartar emetic dried at 392° Cgll2K (Sb(.)2) Ojo 

Tartrate of silver and antimony at 320° . . CyHgAg (SbO^) O,,, 

Tartrate of potasli and boracic acid at 506° . CgHjK (BOo) O^, 

Tartrate of Potash (2 KO, Ct^IItOio) crystallizes readily ; it is 
somewhat deliquescent, and very soluble. The bitartrnte of potash 
(KO, HO, CalltOio) is tlie ordinary source of the compounds of 
tartaric acid : it constitutes the crude tartar or aryol of commerce, 
and is gradually deposited from all wines, forming a crust upon 
the inside of casks in which the wine is stored. This salt is very 
sparingly solulde in cold water, of which it requires about 180 
parts for solution ; boiling water dissolves about one-sixth of its 
weight of it, and deposits the salt in oblique rhombic prisms, which 
when pure arc of snowy whiteness, forming common cream of 
tartar. It produces a gritty sensation under the teeth, and has a 
sour taste. When heated to redness in covered vessels the acid is 
decomposed, and a.charrrc^l mass remains, consisting of carbonate 
of potash and unconsumed carbon ; this product is often used in ' 
the laboratory under the name of black flux. If the salt be calcined 
with twice its weight of nitre, white flux is obtained; in this opera- 
tion the carbon of the organic acid is completely burned, and car- 
bonate of potash is left. 

Tartrate of Potash and Soda, (KO,NaO,CjiII.iOio, 8 Aq.) — The 
equivalent of basic water may be displaced from cream of tartar by 
soda, and then a double salt, often called Rochelle salt, is produced : 
it forms large beautiful crystals which have the appearance of six- 
sided prisms, one half of which only is developed. Tlie tartrates of 
lime, baryta, and magnesia are sparingly soluble. Iron forms with 
potash and ammonia double tartrates w^hich are used in medicine : 
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the potash salt when dried at 2ia®js anhydrous : the ammoniacal 
salt has the formula (H4NO, FcgOa, CaH 40 io 4- 4 or 5 Aq). 

Borotartrate of Potash; Soluble Tartar {KO, BO3, C8H4Oi0; at 
212°). — Wljen 1 part of boracic acid, 2 parts of cream of tartar, and 
24 qf’ water <arc heated together, a solution is formed which on eva- 
poration to dryness and treatment with alcohol (in order to remove 
the excess of boracic acid) furnishes the foregoing compound, in 
the form of a w hite non-crystalline powder, which is insoluble in 
alcohol, but very soluble in water; it becomes anhydrous at 212®, 
and if heated to 560'^ it loses 2 more equivalents of water, like 
tartar emetic under similar circumstances. This salt has been 
employed medicinally as a purgative. 

Tartrates of Antimony, — Several tartrates of antimony may 
be formed. These salts ai'e remarkable for the property which 
they possess, when apparently anhydrous, of losing 2 equivalents of 
water so as to present a composition corresponding to that of tar- 
taric anhydride. The most important of these compounds is known 
as tartarized antimony or tartar emetic (KO, Sb03, C8ll40io> Aq), 
which has long been extensively used in medicine. Tartar emetic may 
be prepared in various ways ; one of the best is the following : — 
3 parts of oxide of antimony (obtained by boiling to dryness sulphuric 
acid upon metallic antimony in an iron ladle) arc mingled with 4 
parts of cream of tartar, and made into a thin paste with water. 
This mixture is allowed to digest for some hours, and is then boiled 
with 6 or 8 parts of water. The solution thus formed is filtered 
while hot, and allowed -to crystallize : as the liquid cools the salt 
is deposited in the form of square prisms, the primary form of 
which is an octohedron, with a rhombic base. Tartar emetic is 
soluble in about 15 parts of cold water; its solution slightly 
reddens litmus. This salt is slightly efflorescent; when dried at 
212° it becomes anhydrous, and when heated to 400° it loses 2 
additional equivalents of water, and then has a composition of 
KO, SbOg, C^^TLOg; if this body be re-dissolved in water, it fur- 
nishes ordinary tartar emetic. A solution of tartarized antimony acts 
as a violent emetic and cathartic poison. Sulphuretted hydrogen 
throw's down hydrated sulphide of antimony from it, and the alka- 
lies and their carbonates occasion a precipitate of oxide of antimony. 

The place of the petash in ordinary tartar emetic may be 
supplied by soda, ammonia, oxide of silver, and oxide of lead ; 
the lead and silver salts thus formed lose 2 equivalents of water 
at a high temperature in the same manner as the potash salt, 

A compound similar to tartar emetic may be formed with 
arsenious acid (KO, AsOg, CJIfiiQ). 
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The mother liquors from which tartar emetic has been prepared, 
often deposit a compound which may be crystallized with difficulty, 
in oblique rhombie prisms [KO, SbOg, 2 HO, 2 (C8H4O10) 5 Aq. ; 
Knapp]: it is a combination of tartar emetic with an additional 
equivalent of tartaric acid. Knapp has also obtainqii a compDund 
of tartar emetic with cream of tartar, [KO, SbOg, CgH^^Ojo -f 3 (KO, 
HO, C8H4O10)] by boiling 5 par 4 is of tartar emetic with 8 of cream 
of tartar, and a small quantity of water: it is deposited in 
sparingly soluble pearly scales. If oxide of antimony be dissolved 
in tartaric acid, the addition of alcohol in ex(?ess occasions the 
separation of a granular white precipitate, which, according to 
Berzelius, has a composition represented by the formula 2 SbO;j, 
^2, Aq. According to Peligot an acid tartrate [3 HO, 
SbOy, 2 (Cgll^Oio) 5 Aq] may be obtained in large crystals from a, 
solution of oxide of antimonjr in excess of tartaric acid. 

The presence of tartaric acid in solution is detected, if the 
liquid be mojlerately concentrated, by tlie addition of chloride of 
potassium; a few drops of free hydrochloric acid must also be 
added if the solution be* neutral; under these circumstances a 
sparingly soluble bitartrate of potash falls, the quantity of which is 
much increased by briskly stirring the mixture. With salts of 
silver a sparingly soluble tartrate of silver is formed. Tliis pre- 
cipitate when placed on platinum foil swells up on the ap})lication 
of heat, and leaves a residue of pure silver. A solution of sulphate 
of lime is not precipitated by solutions of the tartrates. 

The presence of tartaric acid in a solution which contains salts 
of iron or of copper prevents the precipitation of the oxides of these 
metals on the addition of an alkali. This property is sometimes 
taken advantage of in the operations of analysis. 

The tartrates when heated strongly become blackened and 
are decomposed, emitting an odour of burnt sugar. 

(1108) Action of heat on Tartaric Acid . — The action of heat 
upon tartaric acid is remarkable. If heated to about 340° it 
fuses, and without losing weight is changed into two metameric. 
acids, metatartaric and isotartaric acids. Metatartaric acid forms 
a deliquescent uncrystallizable mass : it is dibasic, but its salts 
are more soluble than the ordinary tartrates, into which they are 
transformed by boiling their solutions. 

Isotartaric acid (HO, CgHgOn) assumes the form of a vitreous 
deliquescent mass. It is a monobasic acid, and forms salts, which 
are isomeric with the bitartrates, but are much more soluble ; by 
boiling their solutions they become converted into ordinary bitar- 
trates. 
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If tartaric acid be heated to g74®, it fuses; two equiva- 
lents of the acid lose one equivalent of water, and thus become 
converted into a new acid, termed by Fremy the tartralic. In 
order to isolate this compound, the mass is dissolved in water 
and neutralizeVl with carbonate of baryta ; a soluble tartralate of 
this base is formed, while any undecomposed tartaric acid remains 
behind in tlie form of an insoluble tartrate of baryta. Aqueous 
solutions of tartralic acid and of its salts, if boiled, pass quickly 
into the ordinary tartrates, and the same change takes place more 
slowly at ordinary .temperatures. If tartaric acid be kept longer in 
fusion half its basic water is expelled, and tartrelic acid is formed, 
which gives a syrupy precipitate with salts of baryta. The 
two acids last described are probably mere combinations of the 
anhydrous with the crystallized tartaric acid in different pro- 
portions.' If the temperature of the fused tartaric acid be 
cautiously maintained for some time at 374°, all its basic water is 
driven off, and aiihydrous tartaric acid remains in the form of a 
white porous mass ; in order to remove any unchanged tartaric 
acid, it may be washed first with cold water, and then with alcohol, 
after which it should be dried m vacuo. It is insoluble in water, 
alcohol, and ether, but if allowed to i;emain long moist it gradually 
becomes soluble, and is converted into crystallized tartaric acid. 
The last three acids present a relation somewhat analogous to those 
of the varieties of phosphoric acid ; for instance, if they be compared 
with % e(|uivalents of tartaric acid, the relations will be thus 
represented : — 

Anhydrous tartaric acid . . 

Tartrelic acid 2 HO, CigHyOgo 

Tavti’alic acid 3 HO, Cj^jIlyOgo 

Crystallized tartaric acid . . 4 HO, CjcHyOao 

By heating ciAstallized tartaric acid to, about- 400° in a retort, 
an acid liquor distils, which contains acetic acid, and a new acid 
termed pyruvic or pyroraccimc acid (2 110, Cj^IIgOio). forms 
an insoluble salt wdth lead, and a sparingly soluble one with silver. 

Pynivjc acid is characterized by the production of a red solution 
when mixed with a solution of a protosalt of iron. If its salts be 
prepared in the cold, they ar^' ci ystallizable ; but if the acid be 
saturated wdth bases at a high temperature, the salts are gummy and 
do not crystallize. During the distillation of tartaric acid, a quantity 
of a second new acid is also formed; it crystallizes in oblique 
rhombic prisms, and has received the name of pyrotartaric acid 
(2 HO, CiolIgOg) ; it contains two equivalents of carbonic acid less 
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than the pyruvic. Pyrotartaric acid is dibasic, it forms both 
neutral and acid salts ; the lafter crystallize with facility. 

(1109) Rac^miCy or Paratartaric Add (2 HO, CSH4O10+ 1 Aq). 
Some varieties of the grape, particularly those grown in the*Vosges 
district, present a singular modification of tartaric i^cid, which is 
metameric with the tartaric acid, and equal amounts of tli8 two 
acids saturate equal quantities of the same base. This acid, as has 
been already stated (1105), pl^wnly a compound of dextro-tartaric 
and laevo-tartaric acids ; it is without action upon polarized light. 

Racemic acid generally accompanies tartaric acid in greater or 
less quantity. It is obtained from the racemate of lime by a 
process precisely similar to that used for procuring tartaric acid 
from the tartrate of lime. Racemic acid crystallizes more readily 
than the tartaric in efflorescent, oblique rhombic prisms, which 
contain two equivalents of water of crystallization ; this water is 
expelled by a temperature of 212°. Racemic acid is less soluble 
in alcohol than tartaric acid, and precipitates solutions of sulphate 
and nitrate of lime as well as those of chloride of calcium ; the 
racemate of lime is soluble, in hydrochloric acid, andfis precipitated 
unchanged on adding ammonia. These reactions distinguish it easily 
from tartaric acid. When heated, racemic acid loses water and 
forms acids corresponding wdtlt tlie tartralic and tartrclic ; it may 
ultimately be rendered anhydrous : tlie products of its distillation 
are the same as those of tartaric acid. With antimony it forms 
a salt which corresponds to tartar emetic, but it crystallizes in 
radiated tufts of needles, not in octohedra. The ordinary salts of 
racemic acid occur in symmetrical crystals, and with the exception 
of the double racemate of soda and ammonia and of the racemate 
of cinchonicine and quinicine, they are not hemihcdral. 

(j 1 10) Conversion of Tartaric into llacemic Acid Pasteur has 

succeeded in convertmg both the varieties of tartaric, into racemic 
acid : for this purpose eifher the dextro-tartrate or the Isevo-tartratC 
of cinchonia is exposed to a gradually rising temperature ; the salt 
first becomes converted into tartrate of cinchonicine ; if the heat 
be continued, the cinchonicine loses water, it becomes coloured, 
and is transformed into quinoidine. At the same time the tar- 
taric acid also becomes modified, and after it has been exposed to 
a temperature of 340® for five or six hours, a portion of it is 
changed into racemic acid. The black resinoid mass into which 
the salt has been converted, is treated with boiling water, and the 
liquid thus obtained is mixed with an excess of chloride of calcium 
by which the whole of the racemic acid is precipitated in the form 



334 


MALIC ACID, 


of racemate of lime, from wliich the acid may readily be ex- 
tracted. During the process of ednverting the tartrate of cin- 
chonia into the racemate, another modification of tartaric acid is 
formed.; it has been termed by Pasteur, inactive tartaric acid, in 
allusion to it^waut of action upon polarized light. It crystallizes 
beau^dfully, and forms crystallizable salts. This inactive acid is 
distinguished from racemic acid by the circumstance, that it 
does not admit of being resolved into dextrotai’taric and Isevotar- 
taric acids. 

The following are the modifications of tartaric acid which are 


at present known : — 

1. Tartaric anhydride (insoluble) . . CyH40io 

Dextrotartaric acid 2 HO, C8li40io 

3. Lajvotartaric acid 2 HO, CSH4O10 

4. Racemic acid 2 HO, CaH40iQ 

5. Inactive tartaric acid .... 2 HO, C8H4O10 

6. Metatartaric acid 2 HO, CylliOjo 

7. Isotartaric acid HO, CrtHgOn 

8. Tartiftic acid . . . . cv . HO, CQH4O10 

9. TnrtAic acid lUlO, CslI^Oio- 


3. Malic Acidy and its Derivatives, 

(nil) Malic Acid (2 110 , C8H40y). — This acid is extensively 
diffused through the vegetable kingdom ; it occurs abundantly in 
most acidulous fruits, particularly in unripe apjdes, gooseberries, 
and currants, in which it is acToinpanicHl by citric acid. The 
footstalks of the garden rhubarb also (joiitain it in considerable 
(piantity, mixed with oxalic and })hospboric acids, and they furnish 
a convenient source of malic acid; but it is usually extracted from 
the unripe berries of the mountain ash. The dried leaves of the 
tobacco ])lant are rdso rich in bimalate of lime, 
t In order to obtain the acid, the expressed jiiice either of the 
mountain ash berries or of the leaf stalks of the rhubarb, is nearly 
neutralized with milk of lime, and a certain quantity of chloride 
of calcium is added in order to decompose the malate of potash 
which always accompanies the free acid. A precipitate is thus 
formed which contains the citric, phos]>horic, and tartaric acids in 
combination with lime. The liquid must be left with a feeble acid 
reaction, in order to avoid the subsequent precipitation of the colour- 
ing matter. The clear solution is then to be filtered, and the filtrate 
boiled for several hours : neutral malate of lime is thus gradually 
separated in the form of an insoluble powder. After this precipitate 
has been washed with cold water, it is to be added in small portions 
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at so long as it continues to he dissolved^ to hot dilute 

nitric acid (containing one part of ^id to ten of water). The 
liquid thus obtained is to be filtered, and set aside to crystallize : 
well-defined crystals of bimalate of lime are then deposited. The 
bimalate thus obtained, may be purified by treating it. with^nimal 
charcoal and recrystallizing it from water. Its solution may after- 
wards be converted into malate of lead by the addition of acetate 
of lead, and the malate of lead when decomposed with sulphuric acid, 
yields free malic acid, from which the last traees of lead may be 
removed by means of sulphuretted hydrogen. 

Properties . — The aqueous solution of malic acid when evapo- 
rated to the consistence of syrup and left in a warm place, gra- 
dually deposits radiated masses composed of brilliant four or 
six-sided prisms. They are deliquescent in a moist air, and are 
soluble in alcohol; when heated they undergo fusion below 212°. 
Malic acid has a very sour taste; its solution unless quite pure 
becomes mofiildy and viscid when kept. 

Malic acid, when heated to 350® is decomposed, water is 
expelled, and two isomeric wicids, the malceic and the fmnarlc, 
are formed, and at the same time rnaheic anhydride is obtained ; — 

Ma^c Acid, ruinaric Acid. Malroic Add. 

2 (2 = 4no + rHo 7 cjiA- 

Hydrated maloeic acid when maintained in a state of fusion at 
300®, is converted into a crystalline mass of fu marie acid. If dis- 
tilled by a temperature suddenly elevated to 460®, malscic anhy- 
dride is formed. Sulphuric acid, when heated with malic acid, 
decomposes it and liberates carbonic oxide. Nitric acid converts 
it first intofumaric and then into oxalic acid. 

When malic acid is fused with hvdratc of potash at a tempera- 
ture of 300°, hydrogen is disengaged, and oxalate and acetate of 
potash are formed;—** 

Otalate Acetate 

MjUio Acid. of Pol ash. of Potash. 

2 HO, CallA + 3 (KO, HO) = 2 KO, Cfi, 4 - KO, CA3O3 + 4 HO -pH^. 

(it 1 2) Malates . — The malic is a dibasic acid, and has a 
strong tendency to form acid salts. The bimalate of ammonia and 
the bimalate of lime are readily obtained in large regular crystals ; 
but its most characteristic salt is the malate of lead (2 PbO, 
CgH^Og, 6 Aq), which when first precipitated is amorphous, but if 
left in the liquid, becomes xjonverted into radiated tufts of silky 
needles. It is fusible into a pasty mass at a temperature below 
that of boiling water. Malic acid, like the tartaric, prevents the 
precipitation of iron from its solution by the alkalies. Malic acid 
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gives no precipitate with lime water^ either when cold or hot but, 
by evaporation of the liquid* a crystallized malate of lime is pro- 
duced, which is dissolved by boiling water. These characters dis- 
tinguish the malic from oxalic, tartaric, racemic, and citric acids. 
Most of the .malates arc soluble in water, but not in alcohol. Many 
of t^e malates, such as those of lime and baryta, when heated to 
400°, lose two equivalents of water, and become converted into 
fumarates, from which fumaric acid may be obtained in charac- 
teristic broad, slender, sparingly soluble, striated prisms. 

Btmalaie of Ammonia (H4NO, HO, CgH408) is readily obtained 
by dividing a solution of malic acid into two equal portions, exactly 
neutralizing one with ammonia, and then adding to it the other 
portion of the acid ; on evaporation, brilliant right rhombic prisms 
arc formed. Bimalate of ammoilia, when submitted to distil- 
lation, is converted into a brick-coloured powder, termed fu* 
marimide : — 

.Diroalate of AmmoTiia, Fumarimide. 

:i^NO, Iia c„ll, 0 « = C^NO^ + 6 HO. 

Bimalate of Lime (CaO, II O, 0811 :^, 08 , 8 Aq). — This salt is ob- 
tained in beautiful transparent rhombic prisms, by dissolving the 
neutral malate of lime in hot dilute nitric acid, and allowing the 
solution to (iool. It is sparingly soluble in cold water. 

The neutral malate of lime exists in two modifications : one of 
these (2 CaO, C8H408, 4 Aq) is readily soluble. It is obtained by 
neutralizing malic acid or the bimalate of lime with milk of lime ; 
the solution may be evaporated at ordinary temperatures, and 
deposits large brilliant crystalline plates. If the solution of this 
salt be boiled for some hours, it gradually deposits a sparingly 
soluble, granular, crystalline powder, which when analysed is found 
to contain only two equivalents of w ater of crystallization, but has 
in other respects the same composition as the soluble malate. The 
soluble form of malate of lime may also be obtained wuth five and 
with six cquivahjnts of water. If malate of lime be placed beneath 
a layer of water, in a vessel loosely covered, it gradually undergoes 
decomposition, carbonic acid is disengaged, and a mixture of lactic, 
acetic, and succinic (1181) acids is formed. This change is accele- 
rated by the addition of a small quantity of yeast to the mixture 

Malic Acid. Succinic A -'ki. Acetic Acid, 

3 (3 HO* C,H,Os’) = 2 (3 Ha C*U,o 7 ) + + 4 CO, + a HO. 

Malate of zinc (zZnO, CgH^Og, 6 Aq) is sparingly soluble 
in cold w^ater, but is taken up by ten times its weight of boiling 
water ; short, rectangular, brilliant, very hard prisms are deposited 



METAMERIC MODtPICATIONS OP MALIC ACID. 


337 


as it . cools. A bimalate of zinc (ZnO, HO^ 4 Aq) may 

also be obtained in octohedral crystals. 

Besides the Taeutral malate of lead, a basic malate (4 PbO, 
CgH^Og) may be obtained by precipitating a soluble malate by 
subacetate of lead ; it is not fusible in boiling water. •• 

Malate of silver forms a white, anhydrous, insolubfe powder. 
(1113) Metameric Modificatioris of Malic Acid . — Malic acid 
has been ascertained by Pasteur to exist in two modifications, 
which may be distinguished by the letters a and ; the variety a, 
which exerts a left-handed rotatory action uj^on a yay of polarized 
liglit, is the ordinary form of the acid ; some of its salts exert 
a rotation to the left, others to the right. The variety fi 
is destitute of any such rotatory ])ower, and hence is termed 
inactive malic acid. The latter modi/ieation of tlie acid presents 
scarcely any perceptible chemical difference from tlic acid a, but it 
crystallizes rather more readily from its aqueous solution, since it 
is somewhat less soluble and is not deliquescent : JfeMso requires 
a temperature of 272° for its fiction : when heated a few degrees 
beyond this point it is docoitl^osed, and furnishes the same com- 
pounds as the ordinary form of the acid. Inac^vc^^ malic acid is 
procured by tlie action of nitrous acid upon inactive as])artic acid 
(1115); during this reaction nitrogen (escapes in abundance, and 
if the acid liquid be supersaturated witli ammonia when the disen- 
gagement of gas has ceased, tlie addition of a solution of acetate 
of lead causes the separation of a prccij)itatc of inactive malate 
of lead ; from this malate of lead sulphuretted hydrogen libe- 
rates the inactive acid, / 3 . 

It will be observed that the formula of malic acid difiers from 
that of the tartaric, by containing two equivalents less of oxygen. 

(1114) Amides of Malic Acid — Aaparaym . — Malic acid, like 
the dibasic acids in.gl‘i>cral, forms two amides ; one of these pos- 
sesses the properties of an acid, and has been termed malamtc 
acid (HQ, H2N, which is isomeric with aspartic acid, if 

not identical with it. 

Asparagin {CyHyNaO^, 2 Aq). — This crystalline body is iso- 
meric with nialamide. It is extracted from the young shoots of 
the asparagus and of the climbing vetch, from the roots of the 
marsh mallow, and from several other plants. It may generally 
be procured in crystals by simply evaporating the expressed juice 
of one of these plants. Tlie brown crystals thus obtained may be 
purified by treatnlent with animal charcoal and re-crystallization. 
Asparagin,when pure, forms beautiful octohedra, or rhombic prisms, 
PART 111. , z 
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which are soluble in about 6 o parts of cold water, and are freely 
dissolved by boiling water, by dilute acids and alkalies, and by proof 
spirit. It has a mawkish and cooling taste. When dissolved in 
water, or in alkaline solutions, it exerts a left-handed rotation 
upon a ray/ of polarized light; but if dissolved in acids it produces 
a right-handed rotation of the ray. Asparagin is chiefly remark- 
able for tlie facility with wdiich it is decomposed into aspartic acid 
and ammonia, when its aqueous solution is heated with alkalies or 
with acids : — 

Asparngin, Aspartic Acid. 

G«H«N, 0 «, 2I1O = HO, C„II«NO^ + . 

"When an aqueous solution of asparagin is heated under pressure, 
it is wholly convcjrted into aspartate of ammonia ; and the same 
effect takes place slowly when the solution is exposed to a tempe- 
rature of 212^ for a few days. By a moderate heat, asparagin 
loses its 2 equivalents of water of crystallization, and in its anhy- 
drous form is isomeric with malamidc. 

Piria found that if tiie ex])rcssed juice of^^the vetch were 
allowed to putrefy, the asparagin Avkieh it contained was gradually 
converted into succinate of ammonia, by the assimilation of 2 
equivalents of hydrogen : — 

Awparngin. ' Succinate of Ammonia. 

2 HO + Ho = 2 H^NO, C,H, 0 ,^ 

When asparagin is treated Avith nitric acid wdiich has been satu- 
rated with nitrous acid, it is converted into malic acid, whilst 
nitrogen is disengaged : — 

Asparagin. Malic Acid. 

2 no -f 2 NO3 = 7 ho, + 4 n + 4 ho . 

This reaction is similar to that which occurs when the amides 
are thus treated, and hence Piria was led to regard asparagin as 
identical with malamidc; but on decomposing malic ether by 
means of ammonia, a substance is obtained which is isomeric with 
asparagin, hut not identical with it. Asparagin forms combinations 
with several of the acids in definite proportions ; thus, the nitrate, 
the oxalate, the tartrate, and the hydrochlorate of asparagin 
may be obtained in crptals without difficulty. It also combines 
with bases, and even displaces acetic acid from acetate of lead. 

(1115) Aspartic Acid HTO, C^H^-NOy). — If aspartate of am- 
monia be boiled with baryta till the ammonia is entirely expelled, 
aspartate of baryta is formed ; and from this salt the baryta may be 
precipitated by the cautious addition of sulphuric acid : on evapo- 
rating the solution thus obtained, aspartic acid crystallizes in thin 
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rectangular tables wliich have a silky lustre. It is soluble both 
in acids and alkalies; when dissolved in the alkalies it produces 
left-handed rotation of the plane of polarization, but if dissolved 
in acids the rotation is to the right. 

Pasteur has discovered the existence of a second, modification 
of aspartic acid which is without action upon polarized light. This 
inactive acid is obtained by heating binialate of ammonia to about 
360°, and boiling the residue (ftimarimidc, CslIyNOJ for some 
hours with liydrochloric acid. The solution, when evaporated, 
yields crystals of hydrochloratc of aspartic acid (HO, Cf^H6N07, 
HCl). These crystals must be dissolved in wat(*r, and the solu- 
tion divided into two equal portions; one of these is to be 
exactly neutralized by the addition of ammonia, and then added to 
the second portion ; as the liquid cools, crystals of inactive aspart'e 
acid are deposited in abundance. It is somewhat more soluble 
than the active variety, but in other respects resembles it in 
chemical properties. 

Most of tlie aspartates are readily soluble in wafer. The acid 
appears in a few cases to Iqi:;^! sidjsalts. Aspartic aend, when dis- 
solved in nitric acid and saturated with nitrous acid, yields malic 
acid, whilst nitrogen is diseugag(‘d ; and if the inactive variety be 
employed, the malic acid whtch is obtained is likewise of the 
inactive form (11 13) : — 

Aflpttrtic Acid. Malic Acid. 

HoT^ 8TI^7 + = ^lio, + 2 ist + no . 

4. Citric Acid, and its Derivatives, 

(1116) Citric Acid (3 HO, 2 Aq ; Liebig) is a 

powerful tri basic vegetable acid, found principally in the fruits of 
the aurantiacece. Citric acid is also of frequent occurrence in 
other acidulous frui<^, such as gooseberries, raspberries, straw- 
berries, eherrics, and taiharinds. It is extracted by neutralizing 
the juice of the lime or of the lemon with chalk, and decomposing 
the insoluble citrate of lime with sulphuric acid, by a process 
similar to that directed for the preparation of tartaric acid. Citric 
acid is very soluble in water; the solution has an agreeable acid 
taste : it is likewise soluble in alcohol, but not in ether. If the cold 
saturated aqueous solution be allowed to evaporate spontaneously, 
it crystallizes in colourless, transparent, rhombic prisms, which 
constitute the commercial citric acid. When heated to 212^ 
these crystals melt, and lose 2 equivalents of water ; the remain,- 
ing compound consists of which Liebig regards as a trL 

z ^ 
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basic hydrate of the acid ; (3 HO, CiaHgOn). If a solution of the 
acid, instead of being allowed fo evaporate spontaneously, be 
crystallized at 212®, crystals are formed which contain (C12H9O15).* 
These crystals do not lose the additional equivalent of water until 
they arc heated to 266°, when they become converted into the 
cojTjpouTid, f3 110 , CjallsOjj). A diluted aqueous solution of citric 
acid gradually becomes mouldy, and undergoes decomposition, 
acetic acid being formed. Citric acid dissolves zinc and iron with 
evolution of hydrogen. When lieatod to about 100® F., with con- 
centrated sulphuric acio citric acid evolves pure carbonic oxide ; 
but if the temperatun be raised, acetone and carbonic acid arc 
given off Concentrated nitric acid convei ts citric acid into a mix- 
ture of acetic, oxalic, and carbonic acids. ^Vljcn heated with hydrate 
of potash, it is converted into oxalate and acetate of that base : — 

Citric Acid. Ae«*tutc of Potash. Oxalate of Potash. 

s'hO, + 4 (KO, IlO) = 2TKO, -f r ICO, C,o7-f 6H0. 

Citric acid is extensively consumed by calitio printers for dis- 
charging the mon!ant from the cloth in ])attcrn8 ; it is likewise 
emjdoycd in dyeing silk with salllo'^fer, and for heightening the 
tint of cochineal; it is also used medicinally. Lemon juice is 
largely employed as an anti -scorbutic. 

{in 6 Ms) ( /Urates. — Citric acid, being tribasic, forms three- 
series of salts, which coiTcs])ond to the varieties of the tribasic 
phosphates; for install ic, 3 citrates of soda, having the following 
composition, may l>o obtained : — 

1st. (:5 KaO, C^ JL.Oji, ii Aq); 

2nd. (2 NaO, no, Ci^IIoOin ^ Aq) ; 
and 3rd. (]Na(), 2 110 , Ci2Hr/bo ^ Aq). 

Citrate of lime (3 CaO, 4 A(j) is the most important 

of tlu^ < itraies, since it is largely employed, in the preparation of 
fthc acid ; it also sci'vcs as a test by which citric acid may be recog- 
nised : — when tiie tri'e acid is added to cold lime-water in quantity 
not sutlicicnt to destioy its alkaline reaction, no precipitate is pro- 
duced ; but on boding the solution, the citrate of lime is depo- 
sited. This salt is soluble without effervescence, in dilute acetic* 
liydrochloric, or nitric acid. The addition of an excess of ammonia 
in the cold does not re-precipitatc it from these solutions; but 
upon heating the amraoniacal liquid, the citrate is thrown dowm, 
and it is rcdlssolvcd on cooling, if the quantity be not too con- 


* Tlioso Borzeliua regards as constituting true citric acid (HO, 0411.04, 
or rather 3 liO, 
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siderable : these phenomena depend upon the circumstance^ that 
the citrate of lime is less soluble in boiling than in cold water. 
Crude citrate of lime, obtained by saturating lemon-juice with chalk, 
cannot be preserved in a moist state without undergoing decom- 
position : it ferments, disengages a mixture of hydrogen |ind 
carbonic acid gases, and a mixture of acetate and of butyrate of 
lime is formed. This change is ^icccl crated by the addition of a 
small quantity of yeast to the mixture. 

The citrates oi' the alkalies arc all soluble in water; so also 
are many of the citrates of the hca\ner metals ; tljbc citrates of the 
earths with 3 equivalents of the earthy base are insoluble ; but they 
become dissolved by adding an cx(;css of citric acid, and thus forming 
salts, which contain 1 equivalent or 2 equivalents of basic water. 
The acid citrate of Ihne consists of 2 CaO, 110 , 2 Aq, 

and forms brilliant foliated crystals. 

The citrates of the neutral type, when heated, present a re- 
markable peculiarity, which led llcrzelius to i)roposc the formula 
( 110 , C^ILO J, or rather (3 llO, C^^ll^-Oj^), as the true representa- 
tive of citric acid. Assuming, for example, that the formula for. 
citrate of potash is (3 KO, Cj2ll^}0,2, A(|), this salt, by a heat of 
212°, los(js 2 ecjuivalciits of w^ater, and is converted into (3 KO, 
CioH.Oii), wliich is Liebig^s fornnda for anhydrous citrate of potash. 
This residue ap})ears mjt to be a simple citrate of potasli, 
though on rodissolving it in Mater the original citrate is repro- 
duced; but it j)rcs(aits the cliaractcrs of a mixture of eitrate and 
aconitate of potash; for if the salt be treated with absolute 
alcohol, and discomposed by dry hydrochloric acid, so as to 
exclude the access of water, cliloridc of x)otassium is formed, 
and the citric acid which is set iVee is found to be mixed with 
aconitic acid, which may be separated fvom the citric acid Muthout 
difficulty. The saine plieiK)mcuon is exhibited by citrate of silver : 
if this salt be precipitated at a tcuq)eraturc below 50° F. it has 
a composition represented by the formula (3 AgO, Ci2lI(iOi2), but 
at all higher temperatures it contains an equivalent less of water, 
(3 AgO, Now, if this latter salt be treated like the 

potash salt, with dry hydrochloric acid in absolute alcohol, 3 equi- 
valents of the compound yield by decomposition 9 equivalents of 
chloride of silver, 2 equivalents of hydrated citric, and 1 equivalent 
of hydrated aconitic acid : — 

Citrate of Silver. Aconitio Acid. Citric Acid. 

7(3 AgO, 9 HC1=9 AgCl+(^a 

When citrate of silver is heated to 21 2° in a current of hydrogen 
gas, it becomes partially reduced, and a broMU powder is formed. 
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wLich, according to Wohler, is a citrate of suboxide'of silver. 
Water extracts citric acid from it, and dissolves it in small pi’O- 
portion, producing a red solution. This solution, when boiled, 
deposits reduced silver. 

^Citrate peroxide of iron is prepared by dissolving hydrated 
peroxide of iron in a hot solution of citric acid. It has a sweetish 
taste, and forms a deep brown liquid, from which it is precipitated 
by the addition of alcohol. When its solution is evaporated in 
shallow vessels, it forms brilliant scales of a resinous aspect; and 
in this form it is used in medicine. 

Triritrate of Lead (dried at 2 50°; 3 PbO, Ci2TI-,Oii). — This salt 
is prepared by preeijntating a hot alcoholic solution of tribasic 
citrate of soda by an alcoholic solution of cacctate of lead ; it forms 
a granular sparingly soluble powder. If this salt be digested 
with ammonia, it forms a heavy crystalline powder (4 PbO, 
CiijIloOii, 110) ; and if the trieitrate be digested with basic acetate 
of lead, a saH v ith a still larger proportion of base (6 PbO, 
C12II5O11, IIO) is formed. 

Tricitrate of copper is soluble green crystalline, sparingly 
soluble, snheitrate (4 CuO, ( formed by boiling 
a solution of acetate of cof)per w ith eitih; acid. 

A tribaaic citric ethir (3 C'^H^O, C^allsOji) may be obtained 
by saturating an aleoliolig solution of citri(^ acid with hydrochloric 
acid, neutralizing with carbonate of soda, and agitating the li(|uid 
with ordinary ether. The etliereal solution rises to the surface 
on standing ; and if the ethylie ether be expelh*d by the heat of a 
water-bath, citric ether is left as a colourless oily liquid. 

(J117) Action of Heat upon Citric Arid . — If citric acid be 
exposed to a high temperature, it undergoes decomposition : at a 
temperature' of Ix tw^een 300° and 350®, water, acetone, and a mixture 
of carbonic' acid and caihonic oxide gs'ses are disengaged, and a 
brownish rc'sidnc is obtained, which is in great part soluble in 
ether ; this residue consists of a peculiar acid, the aconitic, 
(3 HO, C12II3O,,), which exists also in the different varieties of 
monkshood {aconitnm) and marcstail [equisetum). Aconitic acid 
is isomeric with furnaric and malanc acids. Hydrated aconitic acid 
contains the elements of 2 equivalents of water less than hydi’ated 
citric acid ; 3 HO, 2 HO = 3 HO, C12H5O11. Indeed, 

aconitic acid derives its principal interest fiom its close connexion 
with citric acid, and from the light which its composition throws 
upon some apparent anomalies in relation to the separation of w ater 
from the crystallized acid and its salts (1116 bis). The acoiiitates 



PYROCITRIC ACID — MECONIC ACID. ^ 


313 


of the alkalies give no immediate precipitate in solutions of the 
salts of baryta, lime, magnesia, ‘and zinc, but they produce white 
precipitates in solutions of lead and of silver. 

If citric acid be heated beyond the point at which aconitic acid 
is formed, the aconitic acid is itself decomposed, carbonic acid 
escapes, and the principal product consists of a volatde, oily-look- 
ing acid liquid, wliich contains a mixture of two isomeric acids, 
one of which, the itaconiCy crystallizes witli facility, and the other, 
termed citraconicypyrocitric or citrihic acid, is much more soluble ; 
botli have the fonnula (2 110, CioH.iOjj). i equivalent of hydrated 
aconitic acid contains the elements of i equivalent of hydrated 
itaconic or citraconic acid, and 2 equivalents of carbonic acid ; 

Aconitic Acid. Itacfonic Acid. 

s HoXjJfi, = 2llib, + 2 CO,. 

A considerable quantity of citraconic anhydride passes over with 
the hydrated acids during the distillation. Citraconic acid is also 
obtained during the distillation of lactic acid. When citraconic 
is treated wdtli nitric acid it is partially decomposed, and converted 
into oxalic acid, whilst a iiitnf-acid, probfibly (2 110, Cjoll;^, NO^jO^j) 
is produced, and at the same time a new acid, isomeric with tlic 
citraconic, is formed, termed mesacoiiic acuL The latter may bo 
obtained in minute crystals, which arc sparingly soluble in water. 

5. Mecojiic Acid, and tin DiTivatives, 

(i ii8) Meconic Acid (3 110,0^110,1,6 Aq). This acid (wliieh 
derives its name from iuikiov, a poppy) i« contained in the milky 
juice of the papavei'acem. It is extracted from a concentrated 
aqueous infusion of oj)imn by nearly neutralizing it with milk of 
lime and adding a solution of chloride of calcium ; the meco- 
natc of lime being lu'arly insoluble, is thus precipitated. In 
order to isolate the vxcid, one part of meconate of lime is mixed 
with JO parts of water *at [90^, and decomposed by the additiop 
of hydrochloric acid in considerable excess; the meconic acid 
crystallizes from the solution in scales, wliich, however, arc con- 
siderably coloured. They must be digested with purified animal 
charcoal, and re-crystal lized,* but they cannot be obtained colourless 
without considerable difliculty. Meconic acid is sparingly soluble 
in cold water, but is readily dissolved by it when hot ; it is also 
soluble ill alcohol and in ether. Its solutions have an acid, 
astringent taste. When its crystals are heated to 212^^, 6 equiva- 
lents of w ater are expelled. The aqueous solution of meconic acid 
is decomposed by ebullition, and carbonic acid gradually escapes. 
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This change is effected more raindly if some mineral acid, snch as 
the sulphuric or hydrochloric, be' added to the liquid. Similar 
results are obtained if the crystallized acid be heated to 250°. In 
all these cases, a new acid, the comenic, is obtained : — 

Meoonif Acid. Comenic Acid. 

3’HO, ChHAi = 2'lIO, -f. 2CO2. 

MeconnUs . — Meconic ac^id if* tribasic, tlic formula of its neu- 
tral salts bein^ 3 MO. Ci^IIOn. Tlie mccoiiatcs of the alkalies are 
soluble. The neutral rneconates of lime^ baryta^ lead, copper, and 
silver are nearly ^insoluble in water, but are soluble in acetic acid. 
Mcconatc of silver when lieatcd is decomposed with explosion. 

It is sometimes important for mcdico-higal purposes to be able 
to ascertain the presence of meconic acid in cases where opium is 
suspected to have been administered as a poison. With this view 
the following process may be adopted : — The solution is to be mixed 
with acetate of lead, an impure mcconatc of lead is thus precipi- 
tated if meconic acid be ])resent ; the ])rccij)itatc after it has been 
washed is deconij osed b}' sulphuretted hydrogen, and the meconic 
acid thus set at liberty is concontrateerby evaporation at a tempe- 
rature not exceeding 160^; a very dilute solution of pcrchloridc of 
iro]i is then added to the conci'ntrjvted liquid. If meconic acid be 
present it strikes a dinqi blood-red colour, which may be distin- 
guished from that due to suljdiocyaiiide of potassiuin by the 
effect of the addition of a few drops of sid|)huric acid with a frag- 
ment of zinc ; if the colour be due to the svilpliocyanide, the red 
tint will disajipcai’, and sul])liu retted hydrogen will be extricated; 
but if the comj)ound contain meconic acid, the colour will not be 
aflcctcd : a solution of terchloride of gold also discharges the 
colour of the sulphocyaiiide of iron, but is without effect upon the 
mcconatc. 

(jTiq) Cometrlr. Add (2 IIO, CjaH^Oa) is dibasic. It 
is sparingly sol.jihle in water, and crystallizes in hard warty 
nodules. Nitric acid ra])idly decomposes it into oxalic, carbonic, 
and hydrocyanic acids. This acid, like the preceding one, gives a 
blood^red solution with the pcrsalts of iron, and a white precipitate 
with acetate of lead, but it gives no precipitate with salts of baryta. 

If either the meconic or the comenic acid be distilled, a new 
monobasic acid, pyromeconic acid (IlO, C10H3O5), is sublimed : 

Comenic Acid. Pyrompivjnic Acid. 

2 110, = no, CjyiigOg q- 3 CO3. 

This acid is isomeric with the pyromueic, but is distinguished from 
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it by yielding with the persalts of iron/ a solution of a blood-red 
colour, and by giving no precipitate with a solution of subacetate 
of lead. 

6 , Different Varieties of Tannic Acid, 

(1120) The term tannin was formerly applied to*jfche various 
forms of the astringent i)rinciplc which were employed in the pro- 
cess of tanning hides. Most of ^icse substances are now known 
to possess an acid reaction; but it lias been ascertained that there 
arc several distinct compounds wdiich resemble each other in pro- 
perties, though they possess a different chemical conjposition. These 
astringent principles are very extensively diffused throiigliout the 
vegetable kingdom. The liark and leaves of most forest trees, 
such as the oak, the elm, the willowy the horse-ehcsuiit, and tlie 
pine, — and many fruit trees, such as the pear and plum, contain 
tannin in notable quantity. The woo<l and bark of many shrubs, 
such as the sumach and the whortleberry, — ^and the roots of the tor- 
mentilla, and bistort, are also powerfully astringent, owing to the 
presence of one* of the forms of tannin.' Coffee and tea, as w ell as 
Paraguay tea, likew ise contaiRfi modification of this astringent prin- 
ciple. All these bodies, except coffee, preeipitatii the persalts of iron 
of a bluish-black colour, or if a free acid lie present, the solution 
assumes a dark -green colour. Many vegetables contain an astringent 
principle which precipitates tlie salts of iron of a dark-green 
instead of a blue colour : catc^chu and kino offer good instances of 
this variety of tannin. Some I’cav astringent plants yield an infusion 
■which precipitates iron of a grey colour, among w hich are matricaria, 
rhatany [krameria trlamlra), and the common nettle [uriica urens). 
Tannic acid in all its forms rai)idly abvsorbs oxygen when moist. 

The most im2)ortant of these acids, and the one which has 
been most accurately studicjd, is tliC tamiie acid of the gall 
nut, or galloiannic, AeW : . that of the oak or qmrcitannic acid 
is also a distinct species (Stenhousc), as well as that of the fustic 
{inorm tinctoria) : moritanmc acid, as the latter variety is termed, is 
a yellow crystalline solid, whicli, according to the experiments 
of Wagner, may be represented by tlie formula (C^gll 
Quinotanmc acid, or the tannin of the cinchona, according to 
Hlasiwetz, is represented by the formula (C^sHiyOiy) ; and there 
is no doubt that the mimotannic acid or tannin of the 
catechu is a distinct variety, although from its proneness to 
change, the true composition of this substance is uncertain. 
Kino, valonia (the acorn cups of the quercus aigilo2Js), and divi-divi 
(the pod of the legume of cmalpinia coriaria), all contain power- 
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fully astringent compounds which, according to Stenhouse, are 
distinct from gallotaniiic acid. 

(ii3i) Gallotannic Acid; tannic acid (0541122034; Strecker). 
— ^This acid is obtained in a state of purity from the gall nut, an ex- 
crescence produced upon the leaves of a species of oak [quercus infec- 
totia) yhy the puncture of a small hymenoptcrous insect. The gall nut 
contains as mucli as two-thirds of its weight of tannic acid, and about 
two per cent, of gallic acid (Guibourt). In order to extract the 
tannic acid, Pclouze directs the gall nuts to be reduced to powder, 
and digested with about an equal weight of washed ether; the 
decanted licpiid separates on standing, into two portions, the 
denser of which is of a yellow colour, and consists of a concen- 
trated aqueous solution of tannic acid ; the other portion is of a 
greenish colour, and is composed of ether holding gallic acid and 
colouring matter in solution. The yellow solution, when evapo- 
rated to dryness, yields a porous, pale butt-coloured residue of 
amorphous gallotannic acid. According to Stenhouse the tannic 
acid of sumach is identical with that of the gall nut, but it is 
not readily obtained in a pim^ form,. Gallotannic acid is freely 
soluble in water ; it reddens litmus ])aper, and dissolves the car- 
bonates with effervescence. It has a pimdy and intensely astrin- 
gent taste : it is soluble in dilute alcohol, but sparingly so in ether. 
Its diluted aqueous solution slowly aijsorbs oxygen from the air, 
and is converted into gallic acid ; this jirocess is favoured by the 
presence of a particular ferment which is contained in the gall nut. 
A solution of tanni(i acid in water is coagulated by chloride of 
potassium, and hy many other salts. Sulphuric, hydi’ochloric, phos- 
phoric, and some other acids also diminish its solubility, and preci- 
pitate it from a concentrated aqueous solution. Nitric acid con- 
verts it into oxalic and saccharic acids. If boiled with dilute 
sulphmic, or with hydrochloric acid, it is converted into sugar 
and gallic acid (Strcckcr) ; the latter crystallizes on cooling, whilst 
the glucose remains in solution : — 

Gallutunnic Acid. Gallic Acid. Glucose. 

.. o, + 10 no = 3(3H0, ChH^O.)' + 2Tq, 

jftoiling concentrated solution of potash also decomposes tannic 
acid and occasions the formation of gallic acid. If air be admitted 
to the mixture, the acid last named is in turn decomposed into a 
black ulmin-like substance. 

Gallotannates . — The composition of these salts is but imper- 
fectly known, and there is considerable uncertainty whether the 
acid should be regarded as dibasic or as tribasic. A solution of 
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gallotauilic acid occasions a violet black precipitate in solutions of 
the persalts of iron. It also causes precipitates in the solutions of 
the salts of morphia, quinia, brucia, and many other vegetable 
bases ; these preci]3itates consist of gallotannates of the bases, and 
are readily soluble in acetic acid. The gallotannates of*Jead and of 
antimony are white and insoluble. Those of the alkalies are 
soluble ; their solutions have an agtririgent taste, and do not preci- 
pitate gelatin until some acid is added to liberate the gallotannic 
acid from the base. If the solutions of these salts be exposed to 
the air, especially if the base be in excess, they ^rapidly become 
brown, and are decomposed with absorption of oxygen. None of 
the gallotannates can be obtained in crystals. 

The basis of ordinary writing ink is gallotannate of iron. 
Various recipes are given for its preparation : the following lur- 
nishes a very good ink : — Digest three quarters of a i)ound of bruised 
nut galls in a gallon of cold water, then add six ounces of sulphate of 
iron with an equal 'w eight of gum arabie, and four or five drops 
of kreasotc to prevent the ink from becoming mouldy. Let this 
mixture digest at ordinary* a^mporaturcs for two or three wrecks 
with occasional agitation; then allow it settle, and decant for use. 
Oxalic aedd and chlorine water readily discharge the colour of 
writing ink, and they may bo ornploycHl to remove ink-stains from 
linen. An ink-spot when 'washed with an alkfiline soap becomes 
yellow, forming what is familiarly known as an iron-mould. This 
yellow stain is due to the oxide of iron, which constitutes the basis 
of the ink, and which has attached itself to the cloth, whilst the 
alkali of the soap has removc'd the tannic acid. 

The most remarkable cornponiul of tannic acid, however, is 
that which it forms with ydatin, which cjoiistitutes the basis of 
leather. The principles of the nianufaeture of this important 
substance will be co*n5iclcj"ed after the properties of gelatin have 
been described. When a solution of gelatin or isinglass is added* 
to an aqueous infusion of any vegetable containing tannic acid, a 
copious gelatinous precipitate occurs, which is soluble in excess of 
gelatin if the liquid be boiled. An excess of tannic acid pre^nts 
the re-solution of the compound. If a piece of a raw hide irecd 
from hair, be immersed in a solution of tannic acid, the gelatinous 
tissue gradually combines with the acid, and retains it in the form 
of leather, the supernatant liquid being ultimately completely freed 
from all traces of tannin, if the piece of skin be pf sufficient size. 

When gallotannic acid is subjected to a temperature of about 
620 ^, it is decomposed, and yields pyrogallic and metagallic 
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acids (1123, whilst water and carbonic acid are expelled. 

The formation of pyrogallic acid appears to be characteristic of 
gallotannic acid, since the other varieties of tannin do not yield 
this compound (Stcnhousc). 

{1J22) ^ Mirnotannic Acid , — The different species of catechu 
and of kino, altliongh derived from trees belonging to several dif- 
ferent natural families, appear to contain the same moditifeation of 
the astringent principle, which, as already stated, differs in some 
essential particulars from the gallotannic acid. Formerly, kino 
and catechu were seldom employed in this country except for 
medicinal purposes ; but of late years they have been extensively 
used by the dyer and the tanner, and have thus acquired con- 
siderable importance, both commercially and chemically. 

The essential constitneuts of catechu arc mimotannic acid and 
catechin, which an' mixed with a brown substance, resulting from 
the oxidation of both these bodies. 

Mimotannic acid is sparingly soluble in dilute sulphuric acid, 
although freely soluble in water. If a coneenfrated aqueous 
infusion of catechu be mixed with a ranall quantity of dilute sul- 
phuric acid, a precipitate occurs, at first consisting chiefly of 
colouring matter ; this may be remov(‘d, and on then gradually 
adding concentrated sul[)hnric aeid so long as it occasions a pre- 
cipitate, mimotannic acid is tiirown down : this precipitate may 
he collected on a filter, washed with dilute sulphuric acid, pressed 
]>etwecn folds of blotting pa])er, and dissolved in water. The 
('xcess of su]])hiiric acid is tlscn removed hy digestion with 
carbonate of lead, and the filtered licpiid, when evaporated in 
vacuo, furnishes mimotannic acid nearly pure. 

This substance is distinguished from gallotannic acid, by 
yielding a greenish grc*y precipitate wdth the pcrsalts of iron ; and 
by not I'reelpitating a solution of tartar emetic : when subjected 
to heat, it does not furnisli pyrogallic acid. Its solution absorbs 
oxygen and bei omes of a dark red colour, leaving, when evapo* 
rated, a substanrM^ no longer completely soluble in water. Under 
these circumstauc('s, according to Delffs, a certain quantity of 
catechiii is formed, and remains in a crystalline condition. 

Catechin llO ; Zwenger) Is contained in the portion 

of catechu which is not soluble iii cold water : it soluble in 
three or four parts of boili»- water, or of boiling alcohol ; and 
when pure is deposited in minute colourless crystals. The caustic 
alkalies immediately attack it, causing it to absorb oxygen, when 
it becomes first yellow, tlien red, and finally black. Catechin pre- 
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cipitates perchloride of iron of a dark green colour. It is soluble 
in the dilute acids : when treated with oil of vitriol it gives a 
Jiurple solution : nitric acid converts it into oxalic acid. Catecliin is 
fusible at : at a higher temperature it is decompos^, and^ 
amongst other products yields a crystallizable subst^ce termed 
pyrocatechin, or oxyphenic acid (Ci^HgOj,). Moritannic acid 
(CaoHi 6^) tannin of tlie morus tinctoria, the yellow dye called 

fmiic) yields the same product wdfen submitted to distillation. 

It has been suggested that the difterent varieties of tannic 
acid may be homologous terms of the same series but the facility 
with which they undergo change renders their investigation a 
matter of great difficulty ; and the accuracy of the formulie 
assigned to these dificreut compounds, with the exception of that 
of gallotannic acid, must be regarded as very doubtful. 

7. Gallic Acid, and its Berivatives. 

(1123) Gallic Acid (Ciill/)!,) 4 - = 3HO, CiJL^Oy, aAq). 

— ^This acid exists ready formed in the gall nut, in sumach, in 
valonia, and in a large nuujlier of other astringent vegetables, 
although the quantity in each is but small. It may readily 
be obtained by allowing an infusion of gall nuts, or the powdered 
galls moistened freely with water, to stand in a warm place for 
some weeks, exposed to the air : it quickly becomes mouldy, 
absorbs oxygen, and emits carbonic acid, owing to the occur- 
rence of a species of fermentation, during which abundance of 
gallic acid is deposited in the form of crystals. The acid must be 
purified by digestion with animal charcoal and re-crystallization 
from boiling water. Gallic acid is also deposited from infusion 
of gall nuts, if kept in vessels from which air is excluded ; but 
in this case no evolution of gas occur" : the exact stages of these 
processes of fernicntati^m have not been clearly made out. Gallic 
acid may also be obtained by boiling tannic acid with dilute sul- * 
phuric or hydrochloric acid, in which case water is assimilated 
and glucose is set at liberty (1121). 

The acid crystallizes cither in the form of delicate silky needles, 
or in brilliant oblique rhomboidal prisms, which require about 100 
parts of cold water for their solution, but only 3 parts of boiling 
water : they are freely soluble in alcohol, but only sparingly so in 
ether. When dried at 212® tliey lose 9*5 per cent., or 2 equiva- 
lents, of water. 

Gallates. — According to Strccker, gallic acid is tribasic, and it 
forms three classes of salts, the general formulae of which, are 
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MO, 2HO, Ci,ll3()7 ; aMO, H0,Ci4H307 ; and 3MO, : 

besides these salts there arc salts with an excess of acid, and with 
excess of base ; tlius an acid salt of potash, [2(KO, 2HO, C14H3 0| 
, 3 H 0 |C 14O3O7, 2Aq] may be obtained by adding an alcoholic 
solution of; potash to an alcoholic solution of gallic acid. The 
gallates of the alkalies speedily absorb oxygen, and become brown 
when their solutions are exposed to the air, especially i:Q||n excess 
of base be ])resent. Nearly all the gallates of the heavy metallic 
oxides arc insoluble. If an excess of gallic acid be added to a 
salt of lead, the precipitate is j«s«it first white and amorphous, but 
it gradually becomes crystalline if left in contact with tl^e liquid. 
Tbit the most characteristic reaction of this acid, is the formation 
a deep, bluish black solution, when added to a mixture of the 
protosalts and persalts of iron. If the solutions be free from 
acid, and particularly if a solution of bicarbonate of lime be added, 
the reaction is one of extreme delicacy. The salts of gallic acid 
do not cause a preci])itate in solutions of gelatin. 

When gallic acid is I'x posed to a tcm])erature of from 410® to 
420^, it is wholly volatilized, and hv x 30 uvcrted into pyrogallic and 
carbonic acids : — 

Gallic Acid. Pyrogallic Atjid. 

3 noTCiji^r = + a CO, 

♦ o 

but if the temperature be allowed to reach 480 , the pyrogallic 
acid in its turn suffers decomposition ; water is expelled, and a 
dark ulmiii-like body is formed, termed metayal/ic ncid, which is 
insoluble in water, but soluble in alkaline solutions : — 

Pyrogallic /Vcid. Metagallie Acid. 

+ 2 no. 

(114) Pyrogallic Acid (Ciall^jO^;). — This substance possesses 
but very feclfle acid jiropcrties. It may be olitained by the sub- 
limation of g illie acid, or of any vegetable extract wdiich contains 
gallotaunic acid. The extract may be jdaeed in a shallow iron 
pan, which is (hovered with a sheet of bibulous paper, over which 
a cone of writing paper is fastened ; on applying a regulated sand 
heat, the pyrogallic acid is converted into vapour ; it passes through 
the bibulous paper, and rises into the chamber formed by the 
paper cone, where it is condo u.scd, and is prevented from falling 
back into the pan beneath, by the interposed sheet of filtering 
paper. This method of sublimation, contrived by Dr* Mohr, is 
applicable in many other cases of a similar kind. 
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"Sublimed pyrogallic acid forms voluminous brilliant plates, 
which are freely soluble in water, alcohol, and ether : the solution 
^as a very bitter taste, and does not redden litmus paper. When 
the acid is heated to about 240°, it melts ; and when further heated, ^ 
it emits a colourless, irritating vapour. The acid jpay be pre- 
served unchanged whilst dry, but its solution quickly becomes 
brown, ^d absorbs oxygen ; and if a free alkali be added, the 
absorption of oxygen is so rapief, as to afford a valuable method 
of removing free oxygen from gaseous mixtures (296 not<^. 

The alkaline solutions of py| 

intense reddish brown colour : tliis brown solution, according to 
Stenhouse (Llebig^s Ann. xlv. 6), contains acetate and carbonate 
of the base. When the acid is dropped into milk of lime it pro- 
duces a beautiful purplish red colour, which soon becomes of a 
dingy brown : this reaction is very cliaractcristie. Pyrogallic acid, 
on account of the facility with which it absorbs oxygen, decom- 
poses most of the salts of silver, of gold, and of platinum ; but it 
forms a definite compound with oxide of lead, and dissolves freshly 
precipitated alumina. Witlu protosulphate of iron, free from, 
peroxide of this metal, it gives a deep indigo blue solution, which 
becomes green by the action of air : with persalts of iron it forms 
a bright red solution. 

Pyrogallic acid is now extensively employed in photographic 
operations, for the purpose of developing the latent image upon 
the argentiferous collodion film after it has been exposed to 
the action of light (8S4). 

(1125) Ellagic Acid (IIO, 2Aq. ; if dried at 240°, liO, 

C14H2O7). — During the preparation of gallic acid from gall nuts, a 
quantity of a grey crystalline powder, termed ellagic acid, is 
formed : this substance is insol ublr in water; but soluble in the 
alkalies : with potphvit forms a flaky salt which is but sparingly 
soluble : the solution of this salt speedily absorbs oxygen from the 
air, and becomes of a blood-red colour. When treated with a solu- 
tion of perchloridc of iron, cUagic acid is gradually dissolved, and 
forms a deep blue liquid. The most singular circumstance in con- 
nexion with this body is the discovery of Wohler and Merkleiu 
that it is a constituent of certain kinds of oriental bezoars. These 
bezoars are intestinal concretions which occur in the wild goats, 
antelopes, and deer of the countries of Central Asia : they are 
’brittle, ovoid, or reniform masses of a dark olive-green cclour, 
polished upon the surface, and in size seldom exceeding a pigeon^s 
egg; when broken, they are usually found to have been deposited 
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in concentric layers upon some foreign nucleus: they are not 
fusible like the lithofellic bezoars. 

Concentrated sulphuric acid dissolves ellagic acid^ and precipi- 
tates it^ unaltered, on dilution. 

liv^galfic or Farellagic Acid 2Aq). — If the erystals 

of gallic aci(l be dissolved in five times their weight of oil'of vitriol, 
a crimson solution is formed, which, if allowed to fall drop by drop 
into water, deposits a reddish-brown substance, partly in flocculi and 
partly in crystals. The crystalline portion, or rvfigallic acid, is 

in water, but soluble in 
solutions of the alkalies. The acid, when heated, yields a sublimate 
consisting of fine red prisms, resembling those of alizarin. If a 
piece of calico whicli has been moistened with alum, or with a 
salt of iron, be boiled with rufigallic acid, it becomes dyed with 
the same tints as if madder had been used ; but the colours are 
less brilliant than those of madder. 

8. Khiic Acid, and its Derivatives, ^ 

(1126) Kinic Acid (2 HO, C28il:>(X^2o ^ Gerhardt). — The bark 
of the cinchonas contains a pecuiliar modification of tannic acid, 
termed the quinotamiic, and besides this, it furnishes the remarkable 
acid to w hich the name of khic acid has been given. Kinic acid 
appears to exist in the bark in combination with lime and with 
the organic bases of the bark. If an aqueous decoction of cin- 
chona bark be mixed with milk of lime until it assumes a feeble 
alkaline reaction, the vegetable bases and the tannic acid are pre- 
cipitated, and kiiiate of lime remains in the liquid ; this salt may 
be crystallized from the mother liquor by evaporation, and decom- 
posed by means of oxalic or of sulphuric acid. The kinic acid 
may then be obtained in crystals from the solution. 

Kiiiic acid crystallizes in colourless, obi^que rhombic prisms, 
‘which have a strongly acid taste ; they arc freely soluble in boiling 
water, less so in cold water, still less so in alcohol, and very 
sparingly solulde in ether. When heated to the acid fuses, 
and at a higher temperature yields a complicated mixtui’e contain- 
ing amongst other matters, benzoic, Ixuizoic acid, carbonic acid, 
salicylous acid, and a colourless substance termed hydrokinonc. 

Kinates , — Kinic acid appears to be dibasic ; nearly all its salts 
are soluble in water, wdtli the exception of the subkinate of lead 
(4 PbO, C2sPb4ll3602o), wliich is obtained ])y adding a solution of 
subacetate of lead to a neutral kinate. It is remarkable that in 
this salt a portion of the hydrogen of the acid appears to have 
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been displaced by lead. Kinic acid also forms a basic salt with 
copper (4 CuO^CggHgoO^ + 8 Aq), which may be obtained in bril- 
liant^ green, sparingly soluble crystals. 

(1127) Kinone (C13H4OJ. — When one part of kinic acid is 
heated with four parts of finely powdered peroxide of ^manganese 
and one part of sulphuric acid diluted with water, a beautiful 
yellow crystalline substance is sublimed, and condensed in the 
neck of the retort in long needles : to this substance the name of 
kinone has been given : — 

Kinic Acid. Kinone. • 

2 HO, OogHgoOao 4 - Og = 2 (CjoHjOj) + 4 CO2 4 - 14 HO. 

It may also be obtained from the aqueous extract of coffee by 
treating it in a similar manner. Kinone fuses at 2J2°. It is 
sparingly soluble in water, but is dissolved more freely by alcohol 
and ether. 

Hydrokinone (C12II0O4). — When kinone is treated with reducing 
agents, such as sulphurous acid or protochloridc of tin, it is first 
converted into 'a green compound, but it ultimately furnislies a 
colourless body, termed hydmkirtone. This substance is also the, 
principal product of the diy distillation of kinic acid ; — 

Kinic Acid. Hydrokinone. Renzoic Acid. 

Tiio, cVsiV).^ = 4 - HO, CjjiA -f 2 CO2 q- 10 no. 

But the simplest plan of preparing it consists in suspending kinone 
in water and transmitting sulphurous acid gas until the kinone is 
dissolved ; by cvaijorating this solution, crystals of hydrokinone 
are obtained, whilst the liquid contains sulphuric acid, llydro- 
kinone forms six-sided, colourless prisms, which are very soluble 
in water, alcohol, and ether. It is without odour, and has a 
sweetish taste ; it fuses readily, and may be sublimed in brilliant 
plates, resembling those of benzoic acid. 

The action of oxidizing agents upon hydrokinone is remark- 
able. When its solution is mixed with a solution of sesquichloride 
of iron, the liquid immediately assumes a deep blackish-red colour, 
and in a few moments it becomes filled with magnificent green 
acicular crystals, which have a metallic lustre. These crystals 
consist of a combination of kinone with hydrokinone, which has 
been called green hydrokinone, (€1211404, CigllfiOJ. Chlorine, nitric 
acid, nitrate of silver, and chromate of potash, when mixed with a 
solution of hydrokinone, also occasion the formation of the same 
compound ; the same substance is also formed by mixing a solution 
of kinone with one of hydrokinone. This beautiful compound 
fuses on the application of a gentle heat ; it is partially decom- 

PART III. * A A 
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vapours, and at a little above dipp®, they are rapidly decomposed 
with evolution of gaseous hydrocarbons, the escape of which gives 
to the oil the appearance of ebullition ; as the result of the distil- 
lation, a mixture of solid and liquid hydrocarbons, of water and of 
various fatfy acids, accompanied by a peculiarly irritating substance 
termed acrolein (1151), ^^e condensed in the receiver. 

(1J29) General Nature of tie Neutral Fats, — The fatty bodies 
when heated with the hydrated alkalies, experience a peculiar 
change, long known under the title of saponification, or conver- 
sion into soap«^ (ii43)j during which process all fats yield up a 
viscid liquid, which, owing to its sweet taste, has been termed 
glycen'in (from f\\)K\H:, sweet). The nature of this change may be 
ascertained by dissolving the soap in water, and then adding some 
acid, such as the tartaric or the hydrochloric, which combines with 
the alkali and forms a soluble compound with it. Unctuous flocculi 
are thus separated, and on the application of heat’ they melt, 
and form an oily layer on the surface of the fluid. Tl\is substance 
when cold is found to possess properties very different from those 
of the original fat. It is crystalliilef, freely soluble in alcohol, and 
the spirituous solution reddens litmus paper strongly. It possesses 
distinctly acid characters, and it is soluble at once, and without 
the appearance of milkiness, in hot alkaline liquids. 

This unctuous matter varies in consistence and quality with 
the nature of the fat from which it is procured, and is for the most 
part a mixture of three acids (derived from the three bodies already 
mentioned as Ibrming the greater number of the fats), and termed 
respectively, oleic, stearic, and margaric acids. It is found that 
the united weight of the glycerin and of these fatty acids, always 
exceeds by three or four per cent, that of the fat originally 
employed. • 

In fact, the olein, stearin, and margarln are each compounds 
of their res])cctive fatty acid, with the basis of glycerin, which has 
been displaced by the alkali in the act of forming soap ; the alkali 
in displacing the base of the glycerin, gives up a portion of water 
to it, and hence increases its w^eight ; while the fatty acid, on being 
separated from the soap, also in like manner combines with a por- 
tion of water. Simple mixture of the glycerin and of the fatty 
acid together, therefore, does not again produce the oil or fat from 
which they were obtained. 

Notwithstanding the numerous researches which have been made 
upon saponification, the exact formula for the neutral fats such as 
stearin, is still a matter of doubt, and the proportion of water 
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which is absorbed during their saponification is uncertain. The 
neutral fats^ however^ are evidehtly analogous in composition to 
the compound ethers, and as these by the action of water become 
converted into the hydrated acid and alcohol, so the fats are by 
saponification, or by the action of water at an elevated tempera- 
ture, converted into the hydrated fatty acid, and glycerin. Oxalic 
ether, for instance, undergoes the following decomposition : — 

Oxalic Kthcr. • Alcohol. Oxalic Acid. 

+ 4no = + rnoTc^^ 

and the formation of stearic acid and glycerin from stearin, may 
be represented by an analogous equation ; thus : — ^ 

Stearin. Glycerin. Sloaric Acid. 

+ 6HO = 

When the oils are mixed with an aqueous solution of the alka- 
lies, saponification takes place slowly, but if the oil be dissolved m 
alcohol, and then mixed with an alcoholic solution of the caustic 
alkali, both at a boiling temperature, the sapqiiification is instan- 
taneous and complete. 

Pelouze has recently shq\yi that the saponification of the fats 
and oils may be effected by heating them with the anhydrous 
bases, such as caustic lime and oxide of lead ; but a large propor- 
tion of the glycerin is always destroyed in the operation, for want 
of water with which it can combine at the moment of its liberation 
from the fat ; and unless the heat be ear('fully regulated, the fatty 
acid itself is liable to become decomposed. 

When the oily seeds, sucli as almonds, walnuts, or poppy seeds, 
arc crushed or pulverized, so as to break up the cellular tissue, and 
bring its several coniponents into mixture with each other, the 
neutral fatty bodies which the seeds naturally contain are gradually 
converted into’ fatty acids, and glycerin is liberated. This change 
has been shown by .Pelouze to depend upon the action of an albu- 
minous fiirment contained in the pulp, and is independent of any 
absorption of oxygen. 

The fats arc more fusible than the acids which they furnish on 
saponification, but when exposed to a low temperature they become 
much harder than the fatty acids. Generally they are destitute of 
odour and taste ; the peculiar scent emitted by some of them 
depending upon the presence of a small proportion of some glycerin 
compound of one of the volatile oily acids, such as the butyric, 
valeric, or rutic. It is worthy of remark, that although the. fats 
themselves are but sparingly soluble in alcohol, their solubility is 
greatly increased by the presence of a free fatty acid. Ammonia 
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appears to combine with many of the oils, but it converts them 
into amides, and not into true sdaps (Eowney). The compounds 
of ammonia with almond oil and with castor oil are crystalline. 

( 1130 ) Rancidity of Oils, — Fats and oils are subject to a pecu- 
liar change in their properties, popularly distinguished by the 
term rancidity This change is attended with a slight absorp- 
tion of oxygen, and it appears to be due to the decomposition of 
certain mucilaginous and albumfinous matters contained in the oil, 
which during their decay react on the fat, setting free the fatty 
acids, and decomposing the glycerin. Perfectly pure fats and oils 
do not become rancid, and rancidity may be completely removed by 
melting or washing them first with boiling water, and subsequently 
with a cold weak alkaline ley. AVhen the vegetable oils are em- 
ployed for purposes of illumination, it is necessary to purify them 
from these mucilaginous matters, which otherwise become charred 
and encrust the wick, and thus prevent the oil from burning freely. 
To effect this purification, the oil may be mixed with one-fiftieth 
of its w^eight of oil of vitriol, which is to be added in small por- 
tions at a time, keeping the mixture in continual agitation ; dark 
flocculi arc thus formed, wliich subside when the mixture is left at 
rest. The supernatant oil is then to be drawn ofl’, and the adhering 
acid is to be removed by agitating it with one-fourth its volumQ of 
water, mingled with a small proportion of lime. Lastly, the oil 
is rendered fit for use by filtration through chai'coal. 

(1131) Drying arid Non-drying Oils.— Oils may be further 
arranged under two distinct classes, according as they possess or do 
not possess the ])roperty of absorbing oxygen, by which they are 
gradually converted into a solid mass ; those which become solid 
in this manner, arc termed drying oils. Some oils, such as lin- 
seed oil, in undergoing this change do not evolve any gas ; but 
during the solidification of most others, an evolution of carbonic 
acid, attended sometimes with an escape “bf hydrogen, takes place. 

The non-drying oils do not absorb oxygen, but are converted 
into elaidiu by means of subnitrate of mercury or by peroxide of 
nitrogen, a reaction of which those of the first variety are not sus- 
ceptible. The solidification of olive oil is effected by a quantity 
of (NOJ, not exceeding aiiFth of the weight of the oil (1177). 

The principal drying oils are those of linseed, walnut, hemp, 
P^PPy> liver, and sperm oil. The absorption of oxygen by some 
of these oils, and consequeiAt elevation of temperature, is, under 
favourable circumstances, so rapid as to be attended with heat 
sufficient to cause the mass to take fire ; and several serious con- • 
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flagrations have been traced to the spontaneous ignition of cotton 
wool or tow soaked in linseed • oil, which had been thrown aside 
in refuse heaps after it had been used in cleaning machinery. 
The siccative or drying property of these oils may be much in- 
creased by heating them with about one-twentieth of their weight 
of litharge, which becomes comiJctcly dissolved by the oil. Oxide 
of manganese may be used for the production of a similar efiect : 
linseed oil which has been thus •treated, is technically know^n as 
boiled oil. Chevrcul, however, states that it is unnecessary to 
heat the oil for so long a time, or to so liigli a temperature as is 
commonly practised; linseed oil heated to 140°* in contact with 
one- tenth of its weight of oxide of manganese, having acquired 
powerful siccative properties. According to Liebig, the increased 
rapidity wifh whicli oil thus treated becomes hard on exposure to 
the air, is due to the mechanical removal of the impurities of tlie 
oil by the oxide of lead, which allows the oxygen to come more 
freely into contact with each particle of the oil. 

The drying oils arc not solidified by contact with peroxide of 
nitrogen, or with subnitrate of mercury, and a fraudulent mixture 
of them with olive or almond oil may thus be detected. The oleic 
acid whicli they furnish on saponification, differs from ordinary 
ol^ic acid, and absorbs oxygen ifiuch more rapidly than the latter ; 
and in consequence of this oxidation it speedily becomes converted 
into a transparent solid varnish. For a careful investigation of 
the changes which occur during the drying of oils, the reader is 
referred to a paper by Chevrcul [Ann. de Chimie, III. xlvii. 209). 
The most important of the oils which do not become dry by ex- 
posure to the air arc olive oil, almond oil, rape oil, and colza oil, 
besides many animal oils. 

[a) Composition and Froperlies of the principal Oils and Fats, 

• » 

(1132) I. Olixfe oil is*preparcd in great j\bundance in the south- 
ern countries of Europe; it furnishes the principal oily material 
employed in making Marseilles and Castile soap. The ripe olives are 
first subjected to pressure without the application of heat ; in 
this manner the finest oil, or virgin oil, is obtained : the residue 
is afterwards heated with water, and a large quantity of an inferior 
mucilagiijous oil rises to the surface ; it is this which is 
chiefly employed in soap-making. ™ The oil is always of much 
finer quality if extracted immediately after the fruit has been 
crushed, as otherwise it experiences a kind of fermentation, which 
injures the quality of the product. The solid ingredient in ohve 
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oil is almost excltisively margarin. Olive oil soon becomes rapoid 
when kept; it becomes partially ^lid at a few degrees below 32^®. 
It has the sp. gr. 0-918. 

2. Ahnond oil is much less extensively employed; it is extracted 
from the kernel of the amygdalm communis, by a process similar 
to that adopted for olive oil. It has the specific gravity 0*918 at 
60^^, and solidifies at about — 

3. Colza oil, which is largely used for illuminating purposes, is 
obtained from the seeds of the brassica oleifera. It is of a yellow 
colour, and is nearly free from odour. It has the sp. gr. 0*913. 
At a temperature of 22° F. it becomes nearly solid. Colza oil is 
sparingly soluble in cold alcohol, but is readily dissolved by this 
liquid with the aid of heat. 

4. Linseed oil is pressed from the seeds of the linum usitatis^ 
simum, which yield about one-fifth of their weight of it. It has a 
slight peculiar odour, is of a yellow colour, and has the sp. gr. 0*939 
at 54°. It remains liquid till within a few degrees of 0°. Owing to 
its powerful drying properties, Avhich are much increased after 
boiling with a small quantity of litharge or of peroxide of man- 
ganese, it is extensively used as a vehicle for mixing with colours 
for painting in oil : it is also largely crnjdoycd in the preparation 
of priiitcr^s ink, in the preparatioii of black enamel for Icatl^^r, 
and in the varnishing of oiled silk. If exposed for some time to 
a high temperature it becomes converted into a dark tenacious 
mass, which when cold may be drawm out into threads ; in this 
state, if mixed w ith charcoal, it constitutes printer's ink. If the 
tenacious residue obtained by heating the oil be boiled for some 
hours with dilute nitrjc acid, it acquires a consistence resembling 
that of ordinary lead plaster, and becomes hard on exposure to the 
air, but it soitens again by the heat of boiling water, and acquires a 
consistence resembling that of caoutchouc, for which it has been 
substituted ill some instances. This caoutchouc of oils is soluble 
in oil of turpentine, in bisulphide of cai’bon, and in dilute alka- 
line solutions ; on neutralizing these alkaline solutions of the 
caoutchouc by means of an acid, the caoutchouc is precipitated 
unaltered. Other drying oils besides linseed oil, yield a similar 
substance, though less abundantly. 

The oleic acid furnished by the saponification of linseed oil 
differs from ordinary oleic acid ; Sacc terms it linoleic uHd, 
and assigns to it the formula (HO, 0,1^114305). It absorbiS oxygen 
rapidly from the air, even when combined with oxide of lead and 
other bases. 
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Sperm oil is the liquid portion of the fat of the spermaceti 
whale. It has the sp. gr. 0*868, and is of a yellow colour ; it has 
a peculiar disagreeable odour and taste, due to the presence of a 
small quantity of a peculiar oil, termed phocenin by Chevreul ; 
this body when saponified yields glycerin and a vplatile acid, 
apparently identical with the valeric. The other constituents 
of the oil are margarin and olein. The olein contained in sperm 
oil differs from that of olive oil,^since, although it becomes solid 
under the action of peroxide of nitrogen, it possesses a drying 
quality. Sperm oil becomes semisolid at about ^5°. It may be 
purified by agitating 100 j)arts of the oil witli a mixture of 4 parts 
of chloride of lime with 13 of water; a small quantity of decoc- 
tion of oak bark is afterwards added to remove traces pf a gela-* 
tinous matter which it retains, and the mixture is left to settle ; 
the clear oil is afterwards agitated with a small proportion 
of sulphuric acid, again clarified by subsidence, and washed to 
remove adhering sulphuric acid. 

6. Ordinary whale oil is of a darker yellow colour, and has a 
more disagreeable odour thaji^the foregoing oil. It has the sp. gr. 
0*927, and does not become solid above 32°. 

* 7. Cod liver oil has recently acquired importance from its 
extensive employment as a therapeutic agent. It is extracted 
from the liver of the Gadas morrlma, or common cod fish. Its 
colour varies from a pale, scarcely perceptible yellow, to a deep 
brown, according to the mode of its extraction. It has a pecu- 
liar fishy odour and taste, and the sp. gr. 0*928. In addition to 
the usual components of the fish oils, it appears to contain a com- 
pound of acetic acid with glycerin (acetin, 1^49) ; it also contains 
a certain proportion of the constituents of the bile, and a small 
quantity of a phosphorized fat, besides minute quantities of iodine 
and bromine in a state of combination with some organic sub- 
stance. Ether dissolves tlie oil without difficulty, but cold alcohol 
takes up only a small quantity of it. The iodine and bromine 
are not in the form of a metallic iodide or bromide ; indeed, 
their presence cannot be detected until the oil has been saponified 
and the soap charred. When a drop of concentrated sulphuric 
acid is allow^ed to fall into the oil, it produces a beautiful crimson 
colour, owing to the action of the acid upon the biliary matter 
present. 

8. Castor oil [sp, gr, 0*969, obtained from the seeds of the Ru 
dms communis) forms a connecting link between the drying and 
non-drying oils, since it gradually becomes hard by long exposure 
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to air. Castor oil has an acrid taste, which it is stated may be re- 
moved by agitation with magnesia. * This oil is of a very viscid con- 
sistence, but it does not become solid even at a temperature of o® F. 
Castor oil differs from the other fixed oils in being soluble in alcohol 
in all proportions. The principal acid obtained by its saponification 
is a modification of oleic acid, termed ricinolic acid (HO, 
C36H33O5), wliich remains fluid at a temperature considerably 
below 32°. By the action of pei'oxide of nitrogen it becomes con- 
verted into a solid isomeric fat, termed ricinelaidic or palmic acid. 
When treated with ammonia, castor oil yields a solid crystalline 
amide, ricinolamide (C3(jH35N04). The oil, when distilled, fur- 
nishes oenanthylic acid (HO, C14H13O3 ; 1161), and a large quan- 
.tity of the aldchyd of this acid (C14H14O2 ; 977), which was termed 
ocnantliol by Bussy. When castor oil is distilled with hydrate of 
potash it is decomposed, the principal products being sebacic 
acid (1179), wliich remains in the retort, whilst hydrogen gas 
is liberated, and a quantity of a volatile liquid, octylic or caprylic 
alcohol, is distilled over (969). 

(1J33) The Solid Fats, — The solid fats of vegetable origin 
which are in ^nost frequent use arc cocoa-nut oil, nutmeg butter, 
and palm oil ; those of animal origin are butter, suet, lard, sper- 
maceti, and bces^ w ax. 

Palm oil, nutmeg butter, and cocoa-nut oil, each contain a 
different solid fiitty acid, which, in combination with the basis of 
glycerin, constitutes the principal portion of the solid part of 
the oil. 

1. Cocoa-nut oil is obtained from .the Cocos nucifera. It is largely 
consumed in the mauuiacture of candles ; it is also used in the 
preparation of a species of soap employed for washing in sea 
water, and hence termed marine soap ; it fuses at about 68°. 
Cocoa-nut oil is a very complex fat, for it^^ields not fewer than 
six difterent acids on saponification. These acids, according to 
Georgey, are — 

Caproic acid . HO, C12H11O3 Laurie acid . HO, 

Caprylic acid . HO, CigHi503 Myristic acid . HO, C28H27O3 

Butic acid . HO, C^oHi^Og Palmitic acid . HO, C32H31O3. 

Cocoa nut oil probably also contains oleic acid, since it yields 
sebacic acid when distilled. ^ 

2. Palm oil is produced from the pulp of the ripe fruit of the 
Flats guineensis, which is of a bright orange or golden yellow 
colour. The oil is obtained by heating the crushed fruit with 
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boiling water. It has an agreeable odour resembling that of 
violets. The solid portion of palm oil consists chiefly of a peculiar 
fat, which has received the name of palmitin, and which, when 
saponified, yields palmitic acid (HO, C3.2H31O3). Palm oil speedily 
becomes rancid when kept, and, though when fresh >it melts at 
about 81®, it gradually becomes less fusible till it remains solid at a 
temperature of 100°. This change is due to the spontaneous 
decomposition of the palmitin, aitd the liberation of palmitic acid, 
under the influence of the azotised constituent of the fruit which 
accompanies the oil in the process of extraction. Palm oil is 
readily decolorized by exposure to air at a high temperature, 
but it is more usual to effect this bleaching of the oil by the 
addition of a small (piantity of sulphuric aciil and bichromate of 
potash. This oil constitutes an important article of commerce, 
upwards of 20,000 tons being annually imported from the western 
coast of Africa. It is consumed in immense quantities in the 
manufacture of candles and of soap. 

3. Batter consists of a mixture of several fats, amongst which 
palmitin is the principal solic^ constituent ; the olein was considered 
by Bromcis to be of a peculiar kind, which he termed hatyrolein ; 
but Gottlieb has shown that the difference in properties between 
the oleic acid obtained by Bromcis from butter, and that obtained 
from ordinary olein, depended simply upon the oxidation which it had 
undergone during the process adopted in prc])aring it ; and he has 
procured pure oleic acid from butter. According to lleintz, the solid 
portion of butter contains, in addition to palmitic acid, another 
acid, termed by him butic acid, HO, C^olIgyOg. The characteristic 
odour and flavour of butter arc owing to the presence of a small 
quantity of some peculiar fats, viz., butyrin, caproin, and caprylin ; 
each of these fats, when saponified, yields glycerin, and a peculiar 
volatile acid, viz., butyric acid HO, C^HyOg, caproic acid HO, 
C12HHO3, and caprylic acid HO, 

In certain instances Lerch found no butyric or caproic 
acid in butter, but in their stead he discovered an acid, which he 
has termed the vaccinic (HO, CgoHigO-). This acid contains the 
elements of i equivalent of hydrated butyric acid and one of 
hydrated caproic acid, minus 2 equivalents of oxygen : — 

Vapooinic Acid. Butyrio Acid. Caproic Acid. 

HO,C3oHiA +20 = HoTc^H^ + HoTSi^a- 

A solution of vaccinate of baryta, when exposed to the air, absorbs 
oxygen, and thus becomes converted into a mixture of butyrate 
and caproate of this base. 
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4. Lard is the soft fat of the pig, in which the olein predomi- 
nates over the margariii and stearin. 

5. Suet is tlie fat of the ox or of the sheep ; when melted down 
it forms tallow. Mutton suet is of a firmer consistence than 
that from ihe ox; its solid portion consists almost exclusively 
of stearin. 

(1134) Spermaceti is the solid crystalline fat which is extracted 
from tlic brain of the spermaceti whale ; it is accompanied by a 
fluid oil (sperm oil). Spermaceti differs from the ordinary fats 
in not yielding glycerin whep saponified, but in furnishing in 
its stead a different base, termed ethal (C32HJ34O2). Pure sperma- 
ceti, or cetin (C,{4H6404), fuses at about 120^, and solidifies to a 
silky semitransparent crystalline fat of delicate whiteness, and of 
the sp. gr. *940. It is insoluble in cold alcohol of sp. gr. of '816, 
but is soluble in hot anhydrous alcohol, and is freely soluble in 
hot ether, from which it crystallizes on cooling. It is acted on 
with difficulty by an aqueous solution of potash. If subjected to 
distillation, it is decomposed ; a liqi|i(j hydrocarbon, C32H32, called 
cetene or cetykue, passes over, and ultimately palmitic acid (the 
ethalic of Dumas) ( 110 , C32II31O3) distils over. 

The same acid is formed when spermaceti is fused Muth 
hydrate of potash at a heat of about 220^. Under these circum- 
stances, the mass, which is at first fluid, gradually solidifies. 
When this has occurred, it must be treated with water, and 
decomposed by hydrochloric acid : the fatty mass is boiled with 
lime, and then treated with alcohol ; palmitate of lime remains 
undissolvcd, whilst the new fatty base, ethal, is recovered by 
evaporation. It is purified by redissolving it in ether and evapo- 
rating. 

Ethal (CyoIIaiOa = C32II33O, HO) is a>awliite solid, fusible at 
118°. It is soluble in hot alcohol, and cry stallizes in plates as it 
cools. It may be volatilized by heat without experiencing decom- 
position. If distilled with anhydrous phosphoric acid, it yields 
cetene C33H32, a hydrocarbon homologous with olefiant gas. Ethal 
possesses the properties of a true alcohol ; it stands in tlie same 
relation to palmitic acid as alcohol docs to acetic acid; for 
example : — 

Alcohol. Acetic Acid. 

+ O, = UoTcXoT + sHOj 

Ethal. Palmitic Acid. 

C33II33O, HO + O4 = HO, CjjHjjO, + 3 HO. 

Wlien the vapour of alcohol is passed over heated hydrate of 
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potash, hydrogen escapes, and acetate of the base remains behind ; 
whilst ethal, under similar treatment, also evolves hydrogen, and 
produces palmitate of potash : — 

Alcohol. Hydrate of Potash. Acetate of Potash. , 

h6 + SoTho' = £ 57 ^ 1^7 + ; 

Ethal. Hydrate of Potash. Palmitate of Potash. 

'^C^oTbO + KoThO = £orc72H^o7 + H 4 . 

With sulphuric acid it forms a coupled acid, the sulphocetic, 
(HO, CggHaeO, 2 SOg), which corresponds with sulphethylic acid. 
A cetylic ether 2 (C32H33), O2 has also been obtained, spermaceti 
being, in fact, a compound of this body with palmitic acid, or a 
palmitate of oxide of cetyle (0321135)0, C32H31O3, and a homologue 
of acetic ether (C4Hg)0, C4H3O3. Spermaceti, when oxidized by 
nitric acid, yields cenanthylic, adipic, and pimclic acids, and a large 
quantity of succinic acid. 

(113 5) Bees' Wax has been the subject of numerous investi- 
gations, but its true nature appears at length to have been 
satisfactorily explained by. J 3 rodie (PhiL Trans, ^ 1848, 1849). 
Many vegetables produce substances in appearance greatly resem- 
bling the wax furnished by the honey-bee, but these bodies have not 
been thoroughly examined. l 3 ees, even though fed upon pure 
sugar only, have the power of converting it into wax, which is 
therefore to be regarded in the light of an animal secretion. 
Bees' wax, at ordinary temperatures, is tough and solid : it has a 
yellow colour, a peculiar smell, and an unctuous feel; it fuses at 
about X43®, and has the sp.gr. 0*96. When exposed in thin slices 
to the air it becomes bleached, and is then somewhat less fusible. 
It may also be bleached ’by means of nitric acid ; but chlorine, 
though it destroys the colour, cannot be employed for this purpose 
with advantage ; for-it was observed by Gay Lussac that a substi- 
tution of chlorine for a portion of hydrogen occurs under these 
circumstances, and when candles made from such wax are burned, 
irritating vapours of hydrochloric acid arc evolved. 

Wax consists of three different substances, which may be 
partially separated from each other by means of alcohol. These 
bodies are, 1. Myricin, which is insoluble in boiling alcohol ; 
a. Cerm, or cerotic acid, which is dissolved by boiling alcohol, 
but crystallizes out on epoling, and, 3. Cerolem, which is retained 
in the cold alcoholic liquid. 

Cerolein^ the substance soluble in cold alcohol, is a greasy 
body, to which the colour, odour, and tenacity of the wax are 
due ; it has an acid reaction ; it fuses at about 83®, and is readily 
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soluble in ether; but it has been only incompletely examined. It 
constitutes not more than 4 or ^ per cent, of the wax. 

Cerotic acid (HO^ 054X15303; Brodie) is extracted from wax 
by means of boiling alcohol, and is purified by recrystallization 
from alcohol until its melting point rises to 162° P. It is then 
recrystallizod from ether until it fuses at 174°, which is the melting 
point of the pure acid. The proportion of free cerotic acid con- 
tained in wax varies in diflerent samples. In a specimen from 
Ceylon it was entirely wanting. In a sample of genuine bees’ wax, 
operated on by Brodie, the cerotic acid constituted about 22 per 
cent, of the wax.* If due care be taken, cerotic acid may be 
distilled witliout undergoing decomposition. 

Mtjricin. — The portion of the wax insoluble in alcohol con- 
stitutes upwards of two-thirds of the bulk of ordinary bees’ wax. 
It melts at 147°. It is a mixture of two different bodies, both of 
which are insoluble in alcohol, but soluble in ether; a portion 
crystallizes from the ethereal solution in feathery scales; by 
repeated crystallization from (dher a substance may be obtained, 
which solidifies -at 162“ P. To this /substance the name of myri- 
ciii is confined by Brodie. The other more fusible body which 
accompanies it is less abundant, and has not been completely 
investigated. Purified myiiciii, when treated with hydrate of 
potash, is easily saponified; by tliis means a salt of palmitic acid 
is obtained, and another wax alcohol, melissyllc alcohol, or melisshif 
(CfiQlIgiO, 110 ), is li])crated. Prom this decomposition it appears 
that myricin is a body analogous to s^jcrmaccti and to Chinese wax ; 
pure myricin being a pahuiiate of oxide of melissyle, (Cggllg^O, 
^33113103) or (Cf,2lbj204) . 

Melissin fuses at 185°. It is soluble with diflicidty even in 
boiling alcohol. It crystallizes from a hot solution in ether in 
satiny crystals. Benzole is a better solvcft't for it than either 
alcohol or (jthei’. When melissic alcohol is distilled with heated 
hydrate of potash, it is decorapossd, hydrogen is evolved, and 
melissate of potash is formed ; the reaction being analogous to that 


* Chinese wax, (C,ogH^fl„04), the produce of a species of insect of the 
coccus tribe, contains cerotic acid in a state of combination with oxide of 
cerotyle, forming a substance wliich fuses at 182'^, and is homologous witli 
spermaceti, which in its crystalline appearance it considerably resembles : — 

Spermaceti. Chinese Wax, 

; {GMO, 

Chinese wax, when decomposed by fusion with hydrate of potash, yields cero- 
tate of potash, and at the same time cerotin, (C64H5^)H, Og, the alcohol of 
cerotic acid (corresponding to the ethal of spermaceti) is obtained. 
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by which acetate of potash is produced when ordinary alcohol is 
treated in a similar manner : — ‘ 

• Melissin. Melissate of Potash, 

deAA'nS + KO.HO = (£orcr„H;^ + h, . 

Melissic acid, it will be seen, is the homologue of acetic acid, and 
belongs to the series of acids, II O, (C,J“I„— OOgj it fuses at 192° P., 
and may be volatilized without decomposition. 

Wax, when submitted to distillation, yields several solid 
hydrocarbons, among which is medme (CgolIf^>). The principal pro- 
duct of the oxidation of wax by means of nitric acid is succinic acid. 

From the foregoing statements it appears, therefore, that bees^ 
wax is a mixture of cerotic acid (ceriu) with palmitate of melissyle 
(myricin), in addition to which is a portion of a third body allied 
to myricin, as yet but imperfectly examined ; with a small quantity 
of a soft greasy substance, cerolein. The following substances may 
be enumerated as derivatives from wax : — 

Cerotic acid (cm//) . . II O, 051115^03 

Cerylic alcohol [cerotin) . C54H55O, IIO 

Chinese wax • . ^ 

Cerene {paraffin) . . 

Melissylie alcohol {melissin) Q{()H(}iO, HO 

Melissic acid . * . HO, C({oH5903 

Palmitic- acid . . . HO, CAO, 

Myricin CosIIj^gO^ 

Mclenc {paraffin) . . CgoHeo* 

{b) Proximate Constituents of the Fats and Oils. 

{1136) From the preceding general description of the oils and 
fixts, it is evident that these bodies contain several dibtinct sub- 
stances, which are analogous to each other in chemical composition. 
The most important jjf these neutral fats are stearin, palmitin, 
margarin, and olein. 

(1137) Stearin (CnJInoOia ; Berthelot) is a white crystalline 
fat, soluble in about seven times its weight of boiling alcohol, 
and much more freely so in hot ether. Nearly the whole of 
the stearin separates from these liquids as they cool. Duffy 
" (Q. J. Chem. Soc., v. 210) finds that stearin may exist in three 
modifications, each of which has a different fusing point. Under 
ordinary circumstances, the melting point is 144° F., but this tem- 
perature varies in a remarkable manner under the influence of 
slight differences of the temperature to which the stearin is ex- 
posed during the act of fusion ; — i. If stearin be heated to 151®, and 
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allowed to cool, it remains liquid till it reaches 124“, and after 
solidification it may be melted at I25®‘6 ; — 2. but if stearin, which 
has been melted at this temperature, be again allowed to solidify, it 
requires a temperature of 147^*4 for its liquefaction and 3. 
steiuin, wli;ch has been melted at 144°, and the temperature of 
which has not been raised beyond 147"“, solidifies at 141^*8, but after 
solidification it requires a temperature of 157° for its liquefaction. 
These three modifications of stearin have different densities : — 

Sp. Gr. 

1. Modification a, fusible at I25°‘6 . 0*986 

2. Modification / 3 , fusible at i47°*4 . I’oio 

3. Modification -y, fusible at 157° . 1*017* 

Similar modifications arc produced by heat upon palmitin. 

Stearin is the most abundant of the solid constituents of the 
fats and fixed oils. It is generally prepared from mutton suet, in 
which it is mixed with but small quantities of other fats : the suet 
is heated with about ten times its volume of ether ; when it cools, 
the olein and rnargarin arc held in solution, while the stearin crys- 
tallizes in pearly scales. These must be pressed between folds of 
blotting paper, rcdissolved in ether, and recry stallizcd until the 
melting point becomes constant. 

Berthclot has succeeded in prcj)aring stearin artificially, by 
heating stearic acid and glycerin together in closed vessels for 
several hours under pressui'c. lie has also obtained all the otffer 
neutral fats by similar means (1149). 

(1138) Palmitin {Cnyylly^Oi 2 1 Berthelot). — This fat is con- 
tained abundantly in palm oil, from wliich it has received its 
name. It is extracted from the oil by first pressing out the 
liquid portion, treating the residue with boiling alcohol to remove 
free palmitic acid, and then crystallizing repeatedly from ether. 
According to Duffy the lowest point at v. liich palmitin remains 
liquid is 113- *9; but it has three different melting points, viz. — 
ii 4‘'*8, 143°, and 145°, which correspond to three different modi- 
fications like those of stearin. Palmitin is also present in bees'- 
wax, in coeoa-nut oil, and (according to Ileintz) in human fat. 
The tree wax of, Japan, according to Sthamer, consists of pure 
palmitin. 


* Heintz, on repeating Duffy’s experiments upon pure stearin prepared 
synthetically by Berthelot’s process (1149), obtained only the varieties a and 
y ; Duffy’s he considers to have been produced from the presence of a slight 
impurity in the stearin. The fusing points given by Heintz are a little higher 
than those of Duffy— viz., for a 131°, and for y i6o°*8. 
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(1139) MaI^garin {ClQgll^^nOl2 ; Berthelot) crrstallizos in 
pearly scales, which are fusible at about 116°. It ro(|iiii‘es 
about 400 tiip[|es its weight of boiling alcohol for solution, 
and is deposited almost entirely on cooling. . Margarin consti- 
tutes the solid ingredient of goose grease, of humaif fat, and of 
olive oil. It may be extracted from olive oil by cooling it to 32°, 
and then submitting it to pressure; the solid portion is again 
melted and cooled slowly, and a second time submitted to pres- 
sure, at a temperature of from 55° to 60°. After two or three crys- 
tallizations from boiling alcohol, the margarin isu obtained nearly 
pure. 

According to Heintz, margarin is not a simple fat ; for w hen 
saponified, the acid which it yields, and which is commordy 
described as margaric acid, admits of separation into palmitic and 
stearic acids ; hence what is called mai garic acid appears to be a 
mere mixture of these acids (1156). 

(1140) Olein Berthelot). — Pure olein is colour- 

less; it is not solidified by a cold of 32°. By exposure to the air 
it absorbs oxygen slowly, wkii evolution of carbonic acid, and 
becomes resinoid in appearance. Olein whem distilled gives rise', 
amongst other products, to the^ formation of sobacic acid (2 llO, 
C2 oIIi60j}), which is a characteristic jiroduct of the destructive dis- 
tillation of oleic acid. Peroxide oi‘ nitrogen converts olein into an 
isomeric solid fat, which has received the name of elaidin. Subni- 
trate of mercury, wdiicli has been prepared without the aid of heat, 
retains a sufficient (quantity of peroxide of nitrogen to enable it, 
when placed in contact with olein, to convert it into elaidin ; and 
it produces a similar etleet upon all oils which contain that 
variety of olein which is present in the nori-drying oils. The ' 
drying oils contain a form of olein v,r]iich does not become solid 
when mixed wdth s^ubfiTtrute of mercury ; hence this salt has been 
employed in testing olive oil suspected to have been adulterated 
with poppy and other clieap diying oils. The oil is agitated with 
xVth of its weight of a solution of the sub-nitrate; the purer 
the oil the more readily does it become solid when thus trcatcid. 

The purification of olein is attended with considerable difficulty: 
it may however be obtained either by solidifying olive oil at a tem- 
perature of 32^ and pressing out the liquid portion, or by dissolving 
the oil in boiling alcohol, which, as it cools, deposits nearly the w hole 
of the stearin and margarin, but retains the whole of the olein in 
solution : the olein may then be recovered by driving oS the alcohol 
by heat. Olein is saponified with greater difficulty than the solid fats 

PART III, B B 
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which accompany it, and it has been proposed to apply this circum- 
stance to its purification. If olive oil be boiled for twenty-four 
hours with solution of caustic soda of moderate strength, contain- 
ing a quantity of alkali equal to about half that required for the 
complete saponification of the oil, the olein remains unchanged, 
wdiilst the solid fats arc saponifu^d. The mixture of soap and 
olein is ti(5ated with dilute alcohol, which dissolves the soap, 
while the olein collects as an oily layer upon tlie surface. 

It has been already mentioned that the liquid portion of the 
oils has not the same composition throughout the different varieties 
of these substances : tlu; olein of olive oil dilfers from the olein 
of linseed oil, or linolem ; and both of these differ from the olein 
contained in castor oil. 

(c) Action of Bases npon Fatty Matters. — Soap-rnaking. 

(1141) It is w^ell known that however thoroughly water and oily 
matters may be in(!orporat(ul by mixture, they do not unite to 
form a homogeneous compound ; but that after a short time the 
grease separates and floats u])on the surface. If, however, a quan- 
tity of a solution of caustic, soda be added to the mixture, and it 
be then agitated, a niilky-looking fluid or emulsion will be formed, 
and the oil will remain mixed w ith the water. 

If a suflicicnt quantity of alkali bo added, this emttlsion 
w hen boiled for some hours gradually be(‘omes clear ; and a 
])(M’iod arriv(.‘s at which a traiis])arent ropy fluid is formed, wdiich 
froths strongly on agitation, and presents the characters of a 
concentrated solution of souj). 

If to a portion of this clear liquid a strong solution of 
common salt be added, a curdling is immediately produced : tlic 
li(|uid separates into a clear solution wdiich retains the glycerin, 
w hiht a granular substance rises to the Siirfacc : this substance, 
if drained, pi-essed, and dried, cxliibits the properties of soap. 

Ordinary soap is freely soluble in hot w^ater, forming w ith it 
a transparcait solution, w likdi, if tolerably strong, becomes a w hite 
opaque jelly as it cools *. soap may also be dissolved by hot alcohol, 
which as it evaporates h'av(!s the soap in transparent blocks. 
It is quite insoluble in strong brii\e, and in a concentrated solu- 
tion of caustic potash or of soda ; hence by the addition of chloride 
of sodium, or of caustiv: alkali, to a solution of soap, the soap is 
separated from the liquid in the solid form. 

(1142) Varieties of Soap . — Tlicre arc various kinds of soap, 
dependent on the nature of the fat, as well as upon that of the 
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baseruscd in its preparation. The base of the hard soaps is soda, 
that of the soft soaps is potash. The common soft soaps have 
always a more powerful alkaline reaction tlian the hard soaps, 
owing to the presence of an excess of alkali, wliich adds to 
their detergent power ; they also usually contain thoi glycerin of 
the fat, wliich the man ulacturer lias not been at the pains to 
separate. If the oil lie lieatcd with oxide of lead, instead ol 
with alkali, a white, solid, fustblc compound, w^ell knowm as 
lead plaster, is formed ; which is, in fact, a soap containing oxide 
of lead as its base, instead of soda or })otash. The earths if 
boiled with the oils also jiroducc soaps ; but such soaps are in- 
soluble in water, and it is owing to the formation of these com- 
pounds that the curdling of soap by hard water is occasioned. 
Now, hard waters are waters whiidi contain a certain quantity 
of earthy salts — usually of lime or of magnesia. When or- 
dinary soa]) is dissolved in these waters double decomposition 
occurs, the lime disidaees the alkali in the soap, and the alkali in 
turn combines with the acid whii^h was previously united with 
the lime ; and the insoluble Jiinc soap thus formed, produces the 
curdling in question. 

The soaps of the alkalies, or commercial soa[)s, are the only ones 
w'hich are soluble in distilled wafer as widl as in alcohol and in ether; 
but alcohol dissolves many of the compounds w hicdi th(^ fatty acids 
form Avith the oxides of co{)per,irou,aiid manganes(\ Oil of turpimtinc 
and the tixed oils likewise dissolve small (juantitics of those soaps. 

(1143) Process of Soifp-tuakhig. — Idie unctuous materials 
Avhich are used in this country in the pre[)aration of hard soap 
are tallow, wdiieli gives the hardest soaj), palm oil, aiul kitchen 
grease : rosin is also an ingi ediont in yellow soap. The coarse 
soft soaps arc mad(‘ of common fish ojl and hemp-seed oil. 

The manufactiuiiM)f soap is carried ou in large iron boilers 
called coppers, inSvliieb the mixture of ley and fat is heated bv 
iiu’ans either of an opcm fire, or of steam : the steam is cither 
admitted into the eojiper by a perforated pipe, or it is made to 
circulate within it through a elos(*.d coil or worm. For hard soaps 
the leys of caustic soda arc pi’eparcd in largo iron vats, which Rre 
also heated by steam. Water is put into tlie vat and made to boil; 
a mixture of sodia ash and slacked lime is then added in quantity 
sufficient to make the ley of the sp. gr. of 1*15 ; after boiling for 
some time the steam is turned oft*, the carbonate of lime allowed 
to subside, and tlu^ clear ley is drawn oft*. Fresh water is added 
to the residue, and thus a weaker ley is obtained. 

B B 2 
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Mottled soap is prepared from tallow, palm oil, and kitclicn 
stuff. For every ton of tallow or fat introduced into the boiler, 
about 150 gallons of partly exhausted soda ley is added from a 
previous charge. When it iirst boils, a milky liquid is formed, 
which by d^^grees becomes more and more viscid ; strong leys are 
then gradually added, and the boiling is continued until the soap 
ceases to feci greasy. A quantity of common salt is next added to 
separate the spent leys ; these contain the glycerin and some im- 
purities derived from the grease ; they are drawn off from the 
bottom, and are thrown away. Strong ley is then added and the 
boiling continufed, until the soap separates from the ley which 
retains an excess of alkali. It is then cleansed or transferred to 
the soap frames to cool. These frames are rectangular in shape, 
and consist of cast-iron ])lates craniped together by bolts and nuts ; 
in these frames a small })ortion of the ley contained in the hot 
soap gradually separates, and accumulates in the lower part of the 
frame ; this j)art of the soap is pared oib and is rc-mcltcd and 
added to the next (diargc. The soap remains in the frames for 
four or five days to cool and harden. At the end of that time it 
is cut up with wires into bars. 

The motlllng occurs in the moulds s2)ontaricously, and is due to 
the separation fi’om the; mass of a small portion of iron soap, which 
gradually arrangc's itself in blue veins. This mottling is chiefly 
prized as a test that the soa]) is not too moist; since if too large a 
proportion of water were j)resent, the colouring matter would sink 
to the low er i)art of the frame and accumulate there. Good soap 
contains about 30 ])cr cent, of Avater ; and loo parts of fat or oil 
yield from 350 to 355 of such son]). A soda soap, before drying, 
contains about 6 or 7 per cent, of alkali. 

Curd soap is usually obtained from tallow only, a small j)or- 
tion of olive oil or of lard being sometimes added. The so:q) 
while hot is put into a pan and crutcfiedy or stirred forcibly, to 
break up the grain ; it is then conveyed to the frames. When 
cut it should be perfectly smootli and white. Yellow soap is 
made from tallow and palm oil, and in addition to the alkali and 
fat, contains a considerable proportion of common rosin, which 
possesses acid properties and unites with the alkali : it is manu- 
factured by a process similar to tliat used for mottled soap, but 
instead of being cleansed^ or put into the frames immediately after 
boiling, it is fitted, or mixed in the copper, with a small quantity 
of water, which in two or tliree days carries down the excess of 
alkali, forming the negur, which subsides to the bottom ; while a 
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spongy crust, termed tlie fob, rises to the surface. The fob is 
skimmed off, and the semi-solid pasty mass of soap is transferred 
to the frames. The negur and fob are added to the next boil. 

Marseilles and Castile soaps are made from olive oil and soda ; 
they are mottled by the addition of green vitriol and sulphuretted 
lye to the soap while in the pasty state. 

[d) Manufacture of Fatly Acids for Candles- 

(1144) Large quantities of the fats are converted into the form 
of free acids, in the manufacture of what arc often incorrectly 
termed stearin candles. This ])raiicli of industry has witliin the 
last few years acquired enormous magnitude. The fatty acids are 
prepared for this purpose by tliree inincipal methods ; — in tlie first 
of tliese processes the fat is saponified by means of lime ; in the 
second the fat or oil is decomposed by sulphuric acid ; and in the 
third process the fat is scparatcnl into glycerin and the fatty acid, 
under the influence of water at an elevated tem]:)erature. The acids 
furnished by the fats are, at ordinary temperatures, whiter and 
harder than the fats from \M 7 ^(‘h they are obtained, and they are 
at tlie same time cleaner and more combustible. 

1. Saponification by Until recently it was the general 

practice to saponify the oils or fats by means of lime, which readily 
cflects the desired change, and has the advantage of being much 
clieaper than eitlu^r potash or soda : this prot^ess is still exten- 
sively followed in France. Th(‘ tallow is melted by iiijeeting hot 
steam into the vat which contains it, and milk of lime is added; the 
uliolc being maiiitaiiK'd at the temperature of by eontiiiually 
injecting steam through a perlbruted ])ipe, whilst the mixture is 
kept constantly stirred. An insoluble lime soap is thus formed; 
it is drained from tjic solution of glycerin, and then xleeoin- 
posed by the cautious addition of siiljiharic acid diluted to the 
sp. gr. I *160. The melted fatty acids thus rise in the form 
of an oil to the surface of the heated mixture ; they are now 
decanted, and are washed, first with a fresh portion of heated dilute 
sulphuric acid, and afterwards with water. The fused acids are 
then cast into thin plates or cakes not much exceeding an inch in 
thickness; these cakes when cold are placed between layers of 
c<x;oa-nut matting, and are piled up one above another with iron 
plates interposed between every four or five cakes, and the pile 
thus formed is subjected to intense pressure by the aid of a 
powerful hydraulic press. By this means the oleic acid is in great . 
measure forced out, whilst the harder palmitic and stearic acids 
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remain, and arc afterwards subjected to pressure at a higher tem- 
perature j a fresh portion of the more fusible fat is removed by this 
operation, and the re sidue becomes beautifully white. In order to 
remove any trac^os of oxide of iron which the fat may have absorbed 
from the ududiiiicry, it is again washed, first with warm dilute sul- 
phuric a(;id, then with water, and finally is melted and moulded 
into candles. The oleic acid furnishes with soda a soap suffi- 
ciently hard to be used for many purposes in the arts. 

M. Milly has ascertained that the complete saponification of 
fats may he effected by a ])roportion of lime not exceeding 4 per 
cent, of the weight of the fat, by exposing the mixture, in a 
Papinas digester, with winter to a high temperature. This tempera- 
ture, according to Pelouzc, need not be higher than from 311° to 
329°. If M'atcr alone be cm]iloycd, a tem])eraturc of not less than 
428°, prolonged for many hom-s, is needed. 

(1145) 2. Aculilication of the Fats by Sulphuric Acid , — The 
action of sulphuric acid u[)on the fixed oils has been particularly 
examined by Frcmy {Auu, de Chiiuie, II. Ixv. 113). When con- 
centrated sulphuric acid is madt; tw act at ordinaiy temperatures 
upon an oil or fat, tlu^ fat at first couihines with the acid, and the 
compoiuid thus foi nu'd gi'udually J)ec()nies dec^omposed into sulpho- 
glyceric (1148), sulj)holeic, sulphopabnitic, and sulphostcaric acids. 
The last three suI])ho-acids are insoluble in acidulated Avater, but 
are dissolved, by pure cold water. Idiey ha^ e an oily bitter taste. 
On raising thc! tcjupinature of the solution they l)econie decom- 
posed, the snljdjuric acid is set at liixTty, and the glycerin and the 
fatty acids are separated. The sulpholeic acid is more perniaiieut 
than the suljjho-trom pounds of the solid fatty acids. 

If the sulphuric acid and the oil or fat be made to act upon 
each other at a high temperature, the fat is imiucdiatidy broken 
up i]U.u glyiM'riu and the fatty acids, wlHlst‘\hc glycerin is in its 
turn (h^com posed, at the expense of a portion of the sulphuric acid, 
and suiphui'ous and carbonic acids are evolved. This reaction is 
employed on a large scale for the preparation of the so-called 
composite or stearin caTidlcs, and in England it has very nearly 
sujierseded the lime process. 

Tlie following is the method in which sulphuric acid is applied 
for this purpose by ]\lessi*s. Wilson at the works of Pricers Patent 
(kaiidlc Company : — Tlu lat is first melted and freed from im- 
purities, then mixed with from oise-sixtli to one-seventh of its 
wxMghtof oil of' vitriol iii large, copper boilers, where it is raised by 
means of a curreut of highly heated steam to a temperature of 
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about 350°. This temperature is maintained for about two hours, 
the mass being frequijntly stirred briskly; during this procu^ss 
carbonic and sulphurous acids arc disengftged in large quantities, 
nearly all the glycerin and sulphuric acid being decomposed in 
the course of the operation. The liberated fatty acids ai’e of a 
dark colour, and require thorough wasliing with water to free them 
from adhering sulphuric acid. 

The impure fatty acids tliiis* obtained arc then subjected to 
distillation, which is effected by placing them in a copper vessel, 
into the lower part of wdiich a current of steam ^at the ordinary 
pressure is injected ; previous to its admission to the still this 
steam is Iieated to about 600", by transmitting it through pipes 
heated nearly to redness. The distillation does not take place 
below 400° F., but towards the latter j)art of the process the tenu 
perature frequently, rises to 500^. After the aenditied fats have 
been distilled as far as is advantageous, the dark residue in tlu^ 
retort may still be made to yield a (unisiflerablc amount of fat by 
submitting it to pressure ; tlie black solid mass wdiieli still remains 
is used as fuel. The distil h'd^fat is broken up into fragments, juid 
distributed in laycj’s of about three-fourths ol‘ an inch in thick- 
ness upon squares of cocoa-nut matting, wliieh an^ pik'd one above 
another, and submitted to the action of the hydraulic juess. The 
fat thus obtained is sulficiently tirm to bo made at orfP(^ into 
caudles suited to European elitnale.s, but for the Indian market 
it is necessary again to subjc^ct the fat to pressure, which this 
time is effected at a teni|)cra)ture of j2o°. 

(1146) 3. Action of Water at a filyh temperature on Fata 
and Oita. — Mr. Tilghinann a few years ago made the important 
observation, that when a mixture of fat and water is forced under 
strong pressure through tnljcs heab d nearly to redness, so as to 
raise the tcmpcrgtifr^ pf the mass to 400"" or 500°, the fat is 
entirely decomposed into glycerin and fatty acids; the elements of 
water enter into combination with those of the hit, and by this 
means a result is obtained exac.tly the reverse of that effected by 
Ecrthclot at lower temperatures (1149), when the acid and glycerin 
are digested together. 

Mr. Wilson by injecting superbeated steam at a temperature of 
between 300° and 600° into heated fat, was able to produce a 
similar separation of hydrated glycerin and of the acids with which 
it was previously in combination ; and at the same time he suc- 
ceeded ill effecting the distillation, not only of tlie fat, hut also of 
the glycerin ; the latter is thus obtained in a high degree of con- 
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cei'itratioii, as a beautiful, colourless, syrupy liquid, which can be 
prepared in almost unlimited quantity. Tllie fatty acids are also 
X>rocured by tlie same operation in a very pure form, so that this 
process, from its simplicity, and from the purity of the pro- 
ducts wliich^it yicJds, bids fair to supersede those previously em- 
jdoycjd in the i)rcparation of the fatty acids for illuminating 
j)urposes. TJjc operation, however, cannot be conducted so rax)idly 
as the process of decomposition by sulx)huric acid. 

§ IT. Glycerin. — The GLYCEurnEs. 

(1J47) Glycerin (Cf.llyO(j), the sweet principle of oils , — This 
substance is separated from all fatty and oily bodies (with the 
exception of spermaceti and the diherent varieties of wax), during 
the ])rocess of saj^oniheation by alkalies. It is a viscid, colourless 
liquid of a sweet taste, and of the sp- gr. 1*28, at 59°. It is soluble 
in water and alcohol in all xiroportions, but is sx)ariiigly soluble in 
ether. Glycerin dissolves most of the deliquescent salts, as well as 
many other substances which arc soluble in water. Baryta, lime, and 
strontia, arc freely soluble in glyctp’ln, and the solutions are not 
precij)itated by carbonic acid. Glycerin is slightly volatile at 212°, 
but, if distilled alone, the greater part of it experiences decomposi- 
tion ; intensely pungent vapours of acrolein (CoH^Og; 1151) are 
then disengaged, which exente a most xiaiiifiil irritation of the eyes. 
AVhen heated sufficiently in air, glycerin burns with a luminous 
flame. It may, however, be distilled wifliout alteration, in a 
euri’ent of sujRTheated steam which has been raised to a tempera- 
ture of betAveen 500^ and 600^; advantage is taken of this fact in 
order to prc])are glycerin in large quantities (1146). The usual 
nudhod of obtaining glycerin on a small scale consists in sajionifying 
olive oil by heating it w ith an equal Avcight of litharge : the oxide of 
h^ad is niix(‘d Avith AAater and added to tlie^^oil, with which it is 
boiled till the sax)onitication is complete ; fresh portions of water 
being added fjoni time to time to sup^ily the place of that 
which is eva])()rated. The glycerin is dissolved by the water, and 
is easily freed from the insoluble lead idaster, or mixed oleate 
and rnargarate of lead Avhich is formc^d. The aqueous solution 
retains a small quantity of oxide of lead, which may be separated 
by transmitting through it a current of sulphuretted hydrogen, 
and filtering from the j iccipitated sulphide of lead ; the water 
may then be expelled by CAiq^oration in vacuo at a temperature 
not exceeding F, If the solution be evaxiorated in the open 
air, it becomes brown, 

Wlieii glycerin is heated with hydrate of potash, it is decom- 
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posed into a mixture of acetate and formiate of potash, whilst 
hydrogen escapes : — 

Glycerin. Acetate of Potash. Forioiate of Potash. 

+ 2 (HO, KO) = KO, CJIA 4 - KO, CgHOa 4 “ 2 HO + 4 IT. 

Olyccrin is not susceptible of the vinous ferin dilation ; hut 
acco^jjling to Redtenbacher (Liebig’s Armal. Ivii. 174), if a dilute 
solution of glycerin be mixed with^well-Avaslicd yeast, and kept for 
some weeks at a temperature of from 70° to 8 5“, winter being 
added as it evaporates, it becomes slowly converted into pro})ionic 
acid; very little evolution of gas occurs, but tlic •liquid becomes 
mouldy and acquires an acid reaction : if the mixture bo neutralized 
from time to time with carbonate of soda, and as soon as the 
further development of a(!id ceases, the li(iuid be filtered and eva- 
porated, a yellow saline mass is obtained, possessing the smell of 
sauer-kraut : when this saline mass is distilled after the addition 
of sulphuric acid, propionic acid is the priiadpal product condensed 
in the receiver. The connexion between the composition of pro- 
pionic acid and glycerin is very simple, hydrated ])roi)ionic acid 
w ith two equivalents of water «(>'^aining the elements of glycerin : — 

Glycerin. Propiotiic Acid. 

ojT^. = iio,i.v.n«t^ + 2 HO. 

Glycerin admits of oxidation without difficulty ; if distilled with 
dilute sulphuric acid and oxide of mangamise, formic acid is 
amongst the products f and under the combined influence of 
])latinum black and atmospheric air it rapidly absorbs oxygen and 
yiiddsiin acid, the nature of which has not been ascertained. The 
class of compounds to which glycca iu should be referred, is not as 
yet fully made out, but it is probably a teratomic alcohol (i 149). 

An interesting sericis of cxp(*riineuts was made by Bcu'thelot 
and Dc Luca, upon the action of biiuodide of phosphorus upon 
• glycerin {A?in. (Je •Cfihnhj Til. xliii. 257). 'Wlien equal parts 
of crystallized iodide of [ihosphorus (PT2) and of glycerin ai*e mixed 
in a capacious retort, considerable heat is developed ; a new com- 
pound (Ctjllgl) mixed with water distils over : it js called iodized 
propylene, but the name iodide of alhji would ])e more aj)pro- 
priate (1246); a. considerable volume of pure gaseous tritylene 
(propylene) is also evolved,* whilst free iodine and })hospliorous acid 

* Pure tritylene is readily obtained for laboratory use by distilling i part 
of iodide of allyl with 5 parts of mercury and 2 of concentrated hydro- 
chloric acid. An ounce of iodide of allyl thus yields more than 150 cuhic 
inches of the gas j CpHgl 4- UCl -f 4 Hg = CgHp 4- Hgsl 4-*Hg2Cl. Trity- 
lene remains gaseous at — 40“^, but it may be liquefied under pressure. 
Its odour resembles that of olefiant gas. Essence of turpentine, etlier, chloro- 
form, and benzole each dissolves from 13 to 18 times its volume of this gas. 
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remain in the retort, mixed with the excess of glycerin employed. 
The reaction is a remarkable one, 'for it will be observed that the 
whole of the oxygen of the glycerin is removed, one portion of it 
nriitiiig with the phospliorns to form phosphorous acid, and the 
remaining portion being eliminated with hydrogen in the form of 
water, wiiilst the carbon remains in the form of iodide of allyl : — 

Iodide of Iodide of Phosphorous 

Phosphi-rus. Glycerin. Allyl. Acid. 

TFiT + cyi A = + rioj^ -f no + I. 

The trityleiie Avhieh is disengaged is the result of a secondary 
action, connected probai)ly with the formation of a peculiar iodized 
compound (? iodliydrin which is found in the retort in 

small quantity. 

(1148) Action of Acids uj)on Glycerin, — Nitric acid rapidly 
attacks glycerin, and converts it into carbonic and oxalic acids. If 
glycerin he allowed to fall drop by drop into a mixture of equal 
measures of nitric acid and oil of vitriol, care being taken to prevent 
the temi)crature from rising too bigli, a heavy oily-looking litpiid 
collects at the bottom of tlio acid.-^'R is powerfully explosive, and 
detonates eitberby a blow' or by elevation of temperature ; a single 
droj) j)laecd upon pap(T and struck iqion an anvil, producing a deaf- ' 
eiiing report. TJiis body is a substitution compound of glycerin, in 
which 2 equivalents of liydrogen arc displaced by an equal number 
of equivalents of peroxide of nitrogen. It has been termed nitro^ 
glycerin Do Vrij). It is insoluble in alcohol and in 

etlier j it lias a sweetish, pungent, aromatic taste, and if but a single 
drop be phici^d u])ou tlic tongue, it produces a painful aching in 
the back of the head, which lasts for many hours. 

(ilyeeriu enters like alcohol into combination wdth many of 
the ]>(>1} basic acids, forming compounds analogous to sulphetliylic ^ 
acid. Thus, when oil of vitriol is mixed ^Ith half its weight of 
glycerin, the two l)odies unite with considerable evolution of heat : 
the conipomid a(!id forms soluble salts wdth linici and baryta ; tlio 
lime salt, according to Pelonzc, has the formula (CaO, C^IIyOg, 

2 the sulpho-glyeeric acid saturating only half the quantity 
of base which would be required by the sulphuric acid which it 
contains. A compound similar to those above described may he 
formed wdth glycerin and p^iosphoric acid; it is very soluble both in 
water and in alcohol, but is easily decomposed into free phosplioric 
acid and glycerin. Plio.'=;phoglv ceric acid exists ready formed in 
the yolk of the egg (Gobley), and probably also in the brain. * 
(1149) Artificial Formation of Fats. — Glycerides, — The most 
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important compounds whicli result from the action of acids u])on 
glycerin arc those termed glycerides, which arc analogous in com- 
position to the various fats and oils. Berthelot has recently 
succeeded in forming these bodies by the direct union of the acids 
with glycerin, and has obtained in the course of his investigation, 
not only a large class of these bodies wliich were not previously 
known, but lias been successful in the attempt to recombine gly- 
cerin with the fatty acids, so as to re-produce several of the 
natural fats {Ann. de Chhnie, 111. xli. 2 t 6.) According to the 
researches of this chemist, stearic, palmitic, and plcie aedds each 
forms three compounds by its union with glycerin : the act of 
combination is, however, attended by the sc'paration of water in 
each case; but there is some ditliculty in explaining why in the 
compounds which are formed from two ecpiivalents of acid, the 
quantity of water which is separated should be exactly that 
stated liy Berthelot ; and the analysis of the simpler com])Ounds 
with acetic aedd, which arc formed by a scries of changes ana- 
logous to that by which the more eonqih^x fats are formed, appears to 
leave some doubt of his acciirai^^ on this point. The following talile 
contains a list of these compounds with the formuhe of the decom- 
position which a])pcars to attend^ th(‘ir formation. For the sake of 
convenience the formute of the hydrated acids arc written w ithout 
indicating the basic Avatcr in the usual nianner; thus, stearic acid 
(110, Ca„H;,30;,) is written I J 
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INfonacetin 

Toraeetin 


Monohenzoiciii 

Terbciizoiciji 


Acetic Acid. 
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Scbacic Acid. 

• . 

S(‘l)nciri = C^JT,, Oj, = Co,TTj« 0 « + 2 

]\fonoclilorhydrin = C, If, Cl 04=: II Cl 4 - 
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Benzoic Acid. 
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Alcohol. 
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It Tiiight have Ficeii cx])ectccl tliat in tFic formation of tliese 
com})C)inuls tlie ([uaiitity of water se])arated should have been 
somewliat diftcrent, and tluit the iirojiortions in eacli of the three 
compounds should have been 2 llO-iii llie first, 4 llO in the second^ 
and 6 HO in the third, eatdi equivalent of ilic liydrated acid losing 
an equivalent of water, whilst the*sin.4le equivalent of glycerin, in 
tlie act of combination, should lose J, 2, and 3 equivalents of 
water, according to the number of equivalents of acid with which 
it is combined (sec Hole, j). 3 h^ 3 ). 

According to BcrtlKdot, terstcarin, terpalmitin, and teroleiii, 
arc identical with the stearin, palmitin, and olein of the natural 
fats, and tlu^y are prodiuu'd by the combination of 3 equivalents 
of the hydrated fatty acids (C,J1,,0|,) with 1 equivalent of glycerin, 
the act of eoinhination being attended with the separation of 
6 (‘(piivalents of water. These combinations of glycerin with the 
acids may Ik- obtained cither by heating 4.110 Void and the glycerin 
together for sc'veral hours in closed vessels at an elevated tempe- 
rature ; or by mixing the glycerin and fatty acid with hydrochloric, 
sulphuric, phosphoric, or tartaric acid, and exposing the mixture 
for many hours to a tcmpiTatiire of 212”. A partial formation of 
these bodies occurs even without the aitl of the stronger acids if 
the glycerin and the fatty acid be kept in contact for several 
months at the ordinary temperature. 

All these neutral cainpomjds, of the fatty acids with glycerin 
arc insoluble in water, but are soluble to some extent in boiling 
alcohol, and are readily soluble in ether. If treated with concen- 
trated acids they are decomposed and acidified in the same manner 
as the natural fats ; and they arc all saponifiable^ — that is, they arc 
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decomposed like the natural fats, into a fatty acid and glycerin, when 
boiled with an alkali. It has b*een found that wdiether monacid, 
biacid, or teracid in composition, these fats are all neutral in tlnnr 
reactions, and moreover when decomposed, -tlioy all yield glycerin 
of the same composition and condition of hydration. •This obser- 
vation is important as it diminishes the probability of the view of 
Berzelius regarding the nature of glycerin. It is obvious that the 
formula usually given for glycerin*(C(.HaO(j) does not represent the 
substance which, when in combination with the acid, produces the 
oil. Berzelius considered that the body which was present in the 
oil consisted of C3H2O, and he gave it the name of oxide of lipyL 
This substance has not been isolated ; but it was supposed tliat at 
the moment of its liberation it combined with 2 ccpiivalciits of 
water and became converted into glycerin : — 

Oxide of Lipyl. Glyeen'n. 

+ 4 no = 

Liebig proposed to consider glycerin as an alcohol : if it be an 
alcohol, k is not improbable .that it is a teratoniic one, since the 
natural fats all appear to be compounds derived from one equiva- 
lent of glycerin and three equivalents of the fatty acid. The 
results of the decomposition of bichlorliydrin and of iodhydrin, 
which will be alluded to presently, also tend to strengthen this view^ 

Monostearia has the aspect ol’ bees’ wax ; it fuses at and 

solidilics at 140°. It is prci)arcd by heating equal parts of stearic 
acid and glycerin to 392*^ for a couple of days in a scaled tube ; 
the substance thus formed is freed from excess of stearic acid by 
digestion with slaked lime at a tcnq)eraturc of 212° for a (quarter of 
an hour. The lime combines with the excess of stearic acid, but 
does not decompose the monostcariu, which is afterwards separated 
from the lime soap bf,*di^esting the mixture in hot ether, from 
which the stearin crystallizes in stellate doubly refracting 
needles. Bistearin may be prepared by heating to 212° for six 
days, equal parts of glycerin and stearic acid ; it resembles 
the first compound in appearance, crystallizing in oblique doubly 
refracting plates, which fuse at I36°*4, and become solid at 131°. 
Terstearin, which Bcrthelot considers identical with natural 
stearin, may be obtained by digesting monostcariu for three hours 
at a temperature of with fifteen or tw^enty times its weight of 
stearic acid : it is purified from the excess of stearic acid by lime 
and ether, as directed for monostcarin. Valeric, butyric, and 
acetic acids have each, in like manner, been combined with glyce- 
rin in three proportions, but no compound could be obtained with 
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formic acid. It is interesting to remark tliat even the compounds 
with acetic acid present tlie appearance of oily bodies, and are 
very sparingly solulile in water. It is not unlikely that aceliri is 
one of the components of cod-liver oil, since acetic acid is found 
amongst the products of the saponification of this oil. 

(1150) Cilyeerin has also been similarly combined with other 
organic acids, such as the benzoic and the camphoric ; as well as 
with liydrocldoric, hydrobromicj and hydriodic acids. 

('hlorhydrhi is obtained by saturating glycerin 

with hydrochloric acid gas, and maintaining the mixture at 212^* 
for thirty-six hours : it is to be neutralized with carbonate of 
potash, and agitated with ether; tho«(diiercal solution when evapo- 
rated leaves ehlorhydrin as a neutral oil, with a cooling ethereal 
odour, and a sweetish, pungent taste. It is soluble in water and 
in ether : it boils at 440°, and may be distilled unchanged. 

Bichlorhydnu (C'^jlItjCd^O.) Sjj, yr. 1-37. — This is a neutral oil 
which has a well-marked etliereal odour. It boils at 352°, and 
remains litpiid at — 30°. It burns with a' white tiainc, bordered 
with green. , 

Ejiic/dorliydrm (f v,l i.-P/d) ; s/k yr. ])etween 1*2 and r3. 
— Tins substamre is a limpid oii \>ljieh ])oils ))etween 248*^ and 266®, 
emitting a va])()ur of an etlien^al odour resembling that of hydro- 
chloric ctlier. It is ])rej)ared liy heating hiehlorhydrin for several 
hours ill a scaled tube to 212°, with 12 or 13 parts of fuming 
hydrochloric acid : aftcT which it is neutralized with lime and dis- 
tilled. The mode in wliich these clilorinatcd compounds are 
formed is indicated in the Table at page 380. 

fodJtydrin (Ci2Hiil04; ?) Sp. y}\ 1*783. — When glycerin is satu- 
rated with hydriodic acid gas, and heated to 2J2° for forty Ik ) urs, 
then trer.ird with potash and wdth ether, it yields a golden yellow 
syrupy ruinid, w liieli dissolves one-fifth of* its bulk of water, but 
is not itself seiuble iu water. Tlic formation of this body is rather 
anomalous : — 

Olycfi'in. lodhydrin. 

- ■«■ - 1 

^ (C«Iip«) + 111 .=: CVll,JO« 4. 6 HO. 

lodhydrin has a sAvcct taste ; it is combustible, and cannot be 
distilled without experiencing deeoin|jositiou. When treated wdtli 
an aqueous solution of potash it is slowly decomposed ; iodide of 
])otassium and glycerin are formed, together with a volatile com- 
pound, which is soluble in ether, and wdiich has a composition 
represented by CtjII^O^. This substance would correspond to the 
ether, of glycerin, admitting glycerin to be a kind of alcohol. 
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This supposed glyceric ether^ contains the elements of glycerin, 
minus 3 equivalents of water 

Olycerin. Glycoric Ether. 

C^HA = CJIA + 3 HO ; 

and its formation from iodhydvin might be thus represented : — 

lodhydrin. (ilycorin. Glycerin* Ether. 

Ci3HnT07+ KO,IIO 4 - HO*= CJI,o7-f ^1^+ KI. 

Glycerin forms witli hydrobromic acid several compounds 
analogous to those which it yields with hyilrochlorie acid. When 
ail alcoholic solution of bibrornliydrin is submitted 

to the action of gaseous ammonia, the hydrobromatc of a new base, 
ghjeer amine, CgllQNOj, (Bertholot and Do Luca), is produced, 
whilst bromide of ammonium is formed. Tlio correetness of the 
formula given for this base is however questionable. 

Blethylin (CiJI^jO^.), sp. yr, 0*92, is a limpid oil of a pun- 
gent, ethereal odour; it boils at 376^, and docs not become solid 
at — 40°; it is scarcely soluble in water. This singular com- 
pound is obtained by acting Ui^iou a mixture of liromidc of ethyl, gly- 
cerin, and hydrate of potash ; the materials are enclosed in a sealed 
tube, and submitt('d for four ihiy^^io a temperature of 212° : — 

Ilruruiilc of Ediyl. Cllyt'erin. l?i(‘(hylin. 

+ ci^IeO^-f 2(K0,1I0) =- 2 KBr-l- 4IIO. 

or it may be regarded as the result of the combination of two 


* Glycerin, however, if it he au alcohol, cannot ho a monatomic alcoliol, 
but it must be tcratomic ; in which case it may ho for mod as Gcrhartlt sug- 
gests, upon tho type of two doiiblo moleeulcs of wnter, and its radicle 
(CflllgO.,) may ho named gly(',yly in order to distinguish it from Liebig’s 
The relation of the three acetius to glyccriu ’would then he 

tiie following : — 


Glycerin. , 


Aeetin. 


C’.W-.O- in n ) 




<-'4 11 A ( ^3' 


TiTtic:i'( iu. 


Q i O • ( () GJT./)., ) ^ 

11 i 0,1130, i , c,ii30, ( ojiilo; 1 

Wurtz, however, considers glycerin to he formed upon the type of throe 
double molecules of water, | Og ; a view wdiich is more consistent with 
tho general theory of these' compounds (1185); CgUg being a teratomic 
radicle, or represen ling three equivalents of hydrogen ; thus 

Olycorin. Glycerin Etber. Acetin. Biaceiin. Teracctin. 
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equivalents of alcohol and one of glycerin, attei$dfe^ with the 
separation of four equivalents of ^ater. 

(1150 dis) Compounds of Mannite with the Acids, analogous to 
Fats, — Since the j)aragraph on mannite (935) yas^)rinted, an in- 
teresting paper has been published on this substance, by Bcrthelot 
(Ann. dc Chimie, 111 . xlvii. 297). He finds that when mannite is 
heated to 400° in an open vessel and kept constantly stirred, it 
loses water, and becomes partially converted into a viscous sub- 
stance which has a feebly sweet taste ; it has been termed nianni- 
tane. This body contains the elements of 1 equivalent of mannite 
minus i equivalent of water : — 

Mannite. Munnitanc. 

+ HO. 

Mannitane is deliquescent, and when exposed to the air it absorbs 
water slosflfly, and is reconverted into mannite. Mannitane ap- 
pears to pn.'sent a very close analogy with glycerin, as will be 
rendiircd apparent by the following details. AVhen mannite is 
heated for some hours with the hydrated acids in scaled tubes 
under pressure, it gives rise to a*‘veries of corni)ounds which rim 
exactly parallel with those obtained by treating glycerin in a 
similar mantuir. If stearic acid ))e thus licated with mannite it 
forms two compounds, viz., Jmtearo-mamiite and terstearo-mamiitv, 
wdiich may be represented as formed thus : — 


M.'inniJc. 


Stearic Acid. 

Biatearo-muniiil e. 




C^lIrOo' 

+ 


rr C Oji 

Tersstfjiro- nut unit e. 

+ 

3 

110; 



3 (C.«H3«0,) 

= ^jmT^iobOii 

4* 

7 

no. 


These substanc(is can scarcely be distinguished from bistcarin and 
tersteariu, \vhi(*h are the 'corresponding compounds of glyc^erin : 
they arc*, solid crystalline fats, of about the^same degree of fusibi- 
lity as the stearins. Th(;y admit of being saponified in the same 
manner as the true fats ; and wdien dcicomposed by bases they 
yield stearic acid, and a solution from which the sweet syrupy 
compound, mannitane, is obtaim^d. This solution so greatly re- 
sembles that of glycerin in a})p^ance and properties, that Berthclot 
thinks it is by no means improbable that some of the natural fats 
which are at present supposed to be compounds of glycerin, may 
turn out to be derivatives of mannite. Compounds of mannite 
similar to those which it forms with stearic acid, have been. obtained 
by heating it with palmitic, butyric, acetic, benzoic, and other 
acids. Its compound with acetic acid, aceto-mannite (CioHgO; := 
C^jlIyOc 4- — 3 HO) is a viscid, intensely bitter liquid. 
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which emits, when warmed, a peculiar odour like that possessed 
by many of the umbelliferous plants. With hydrochloric acid, 
mannite yields a white, neutral, well-crystallized body (C(;H5C103), 
whichAas a bitter aromatic taste : it is very soluble in ether ; and 
may oe volatilized without residue. The fat-like ddi*ivatives of 
mannite are neutral bodies. Those which are produced from one 
equivalent of. acid may be supposed to be formed by the union of 
I equivalent of mannitane and i equivalent of the normal hydrate 
of the acid, attended with the separation of % equivalents of water; 
whilst those containing 3 equivalents of acid are ^^rmed from one 
of mannitane and three of tlie normal acid, with tlie separation 
of 6 equivalents of water. But mannite also forms eom])ounds 
with the polybasic acids, such as the sulphuric, the tartaric, and 
the phosphoric acids ; these compounds liave an acid character, and 
are analogous to the sulphoglyceric and pi losphogly ceric acids (i 148). 
Their formation is also attended with the elimination of water. 

Saccharine bodies admit of subdivision into two classes ; i. 
True sugars, or those which are fermentable and contain an equal 
number of equivalents of oxygen and hydrogen ; and Those wdiich 
are not fermentable and contain an excess of hydrogen over the 
oxygen. Beirthclot states that .the bodies which belong to 
the latter class, such as dulcose, quercite, and pinitc (Tal)le 
p. 71), possess the property, like manikite and glycerin, of entering 
into combination with the diflerent acids, and forming compounds 
more or less analogous to those above described. 

(T151) Am'olein^ or Acrylic Aldehyd (Cfill,j,02 = H) 

Sp.gr. of vapour 1*897. — When glycciiu or any of its compounds is 
submitted to the ordinary jkrocess of distillation, it undergoes 
decomposition ; and amongst the products is a substance which, 
from its intensely irritating effects upon the raucous membrane of 
the eyes and organs . -of respiration, has received the name of 
acrolein. This substance is best obtained in a state of purity 
(Redtenbacher, Liebig^s Ann. xlvii. 114), by distilling in a capacious 
retort, a mixture of glycerin with anhydrous phosphoric acid, or 
with bisulphate of potash : the vapours must be condensed in a 
properly cooled receiver, which is Wted on to the retort, and pro- 
vided with a tube opening into a chimney with a good draught. 

The object of using anhydrous phosphoric acid in the distillation 
is to effect the dehydration of the glycerin, since glycerin contains 
the elements of acrolein, and 4 equivalents of water : — 

Glycerin. Acrolein. 

"qua = + 4 HO. 

c c 
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The distilled liquid sei)arates into two layers^ the upper one con- 
sisting of acrolein, and the lower one of an aqueous solution of the 
same substance, mixed with a quantity of acrylic acid. This dis- 
tillate must be digested with finely powdered litharge in order to 
combine with the acid, and rectified by the heat of a water bath : 
the acrolein thus obtained must be submitted to a second rectifica- 
tion from chloride of calcium, after which it is nearly free from 
impurity. All these operations must be carried on in vessels filled 
with carbonic acid, for the purpose of excluding atmospheric oxygen, 
because acrol(‘in becomes rapidly oxidized when exposed to the air. 

Acrolein is a limpid, transparent, colourless liquid, lighter than 
water, and possessed of a high refracting power. It has a burning 
taste, and emits a vajiour which is intolerably iriitating : the boiling 
point of the licpiid is about 125^ It burns with a clear luminous 
flame. Acrolein when pure is neutral to test paper; but, like ordinary 
aldehyd, it rapidly becomes acid by the absorption of oxygen from 
the air ; a mixtuic of acrylic, acetic, and formic acids being pro- 
duced. It is fVeiily solu])lo in ether, but requires 40 parts of 
vrater for solution. Acrolein cannot^ long be preserved without 
change, even in scaled tubes ; hut ix'comcs converted into a 
white, flocculcnt, and ])rol)al)ly i,somcric substance, termed disacryl, 
which is insoluble in water, acids, alkalies, oils, and bisulidiide of 
carbon. Sometimes the acrohdn becomes transformed into a 
resinoid body, which melts at 212°, and forms a brittle, transparent 
mass on cooling : tiiis substance, though insoluble in water, is 
soluble in alcohol, in ('ther, and in alkaline solutioiujv. 

The reactions of acrolein with the alkalies, further show its 
similarity to aldehyd : — 'when mixed with a solution of potash or of 
8oda.^it is rapidly acted iqion ; its irritating odour disappears and is 
succeeded by one of cinnamon, w hilst a browm resinous substance is 
formed. The ethereal solution of acrolein when mixed with ammo- 
nia yields a wlute amorphous body, destitute of odour. When 
mixed with iiiti ate of silver it gives a white curdy precipitate, which 
is reduced to metallic silver on boiling, though without coating the 
glass with the reduced metal : acrylate of silver remains in solu- 
tion. Oxide of silver rapidly oxidizes acrolein, with great evolu- 
tion of heat, and converts it into acrylic acid (1175) ; the acid is 
indeed easily prepared by this means from the crude liquid obtained 
by the destructive distillatiun of the oils. 

Hofmann and Cahours have succeeded in discovering tj;ie allylic 
(or, as they have less aj)propriatcly termed it, acrylic) alcohol 
(CgHgO, HO), a compound which stands in the same relation to 
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acrolein that cthylic alcoliol does to ordinary aldclij^d ; the same 
chemists have also prepared a large number of the derivatives of 
this Mcohol, many of which have been long known as compounds 
of allyl (QH5), 


§ III. The Fatty Acids. 

(1152) The fats and fixed oils wlicn saponified yield a number 
of acids, which belong to two different homologous series. Stearic 
and palmitic acids maybe taken as the types of one series, in which 
the general formula of the nonnal acids is The general 

formula of the other series is ; this series is represented 

by oleic acid, but only a few terms of it arc known. By the 
oxidation of the members of these two groups a third scries of 
acids may be obtained, to whicdi suberic and succinic acid belong : 
the acids of this group are dibasic : tlieir normal hydrates have the 
general formula following table the correspond- 

ing acids in each of these tlirce groups arc enumerated : — 


Acids of the form 
(CjrOO,, or 
HO, CJIn-lO,. 


Melissic 
C(‘.rotic . . 

Aracliidic . 
j Stearic . . 

Palmitic 
Myristic 
Laurie . . 

Untie . . 

JVlar^^onic . 
Caprylic 
QjCuauthylic 
Caproic . . 

Valeric . . 

Tintyric . . 

Propionic . 
Acetic . . 

Formic . . 


Achls of the form 
( 0 „ll»- 2 )O.,, or 
HO, C,AI„„30a. 


. /-I 7T /-I 

a,,, I !„;(>, : 01<-ic . . 

I’iiysetoleic 

o:' 111 : 0 , j 

c,,n„,<), I 

1 iiii 1 -.oO, I 

O.sll.sO, 

0,„II,„O, I 

o. 4 H„o, I 

0,„ H •:* Aiigi'hc . . r ,„TI„ O, 
t\ 1I„ (), : 

Ci,,ll„0.. j Acrylic. . C„ H, 0„ 
C., IT, O, 

0, H, O, 


Acids of llie form 
C„1I„- >„, or 
3 HO, C,.lI„-,0„. 


Scbacic . 

iSiiberic . 
I’iiiiclic . 
Adipic . 
! Lipict' . 
Succinic 

Oxalic . 


. ajT^« 
. C,..|iO, 


c; 


o« 


C4 H2 o. 


(a) Adds belonging to the Stearic Series (HO, C,JI„_i03). 

(11^3) The acids which are comprised in this series constitute 
one of the most numerous and most carefully examined groups of 
homologous compounds ; all the terras of which, commencing with 
the formic and proceeding as far as the rutic, are well known. 
The number of equivalents of carbon in each of these terras is divi-» 

c c 2 
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sible by 2. It has been remarked^ that in the terms which contain 
more carbon than the rutic, the number of equivalents of carbon in 
all the acids which have been satisfactorily examined, is divisMe by 
4 ; although many chemists admit the existence of acids corre- 
sponding in 'eomposition to all the hydrocarbons divisible by 2, up 
to (C4(,ll4(,). The fusing point of Brodie^s cerotic acid is so much 
lower than that which might have been expected from an acid so 
high in tlie scries, that Ileintz has suggested that this exceptiojial 
case may probably arise from' the acid being a mixture of two 
others ; since hq finds it to be a general rule, that a mixture of 
any two of the solid acids of this series has a fusing point con- 
siderably below that of either of its components (1156). 

The acids belonging to this group may all be distilled, either 
partially or completely, without undergoing decomposition. Many 
of them exhibit a rcmiaidvable peculiarity in the volume of vapour 
which they furiiisli at difierent temperatures ; thus, the formic, 
the acetic, the butyric, and the valeric acids, at low temperatures, 
furnish a much smaller volume of vapour than they do at more ele- 
vated temperatures : — 



ojr. 

Vapour density. 

f Formic acid at 

• 51 

3‘23 

(Ditto, ditto 

. 416 

r6i 

r Acetic acid at 

. 69 

3 ’ 9.5 

J Ditto, ditto 

• 320 

2 ’48 

IDitto, ditto 

460 

2' 08 

(Butyric acid «at 

• 350 

3-68 

^Ditto, ditto 

. 502 

3 ’o 7 


At tljp higher temperatures, and at all points above them (until the 
acid #udc rgocs decomposition), i equivalent of the compound yields 
4 vol^ies of vaj)our ; but at low temperatures the vapour volume 
does lk)t corre^spoud exactly to any specific multiple of the volume 
of oxygen. • 

All of the hydrated acids of this group when melted, with 
the exception of the formic and tlie a(.*ctic, exhibit the properties 
of an oil, which is imperfectly soluble in water; though some of 
the lower members of the scries are soluble in water to a con- 
siderable extent : they arc all al?undantly soluble both in alcohol 
and ether. 

These acids are regarded as monobasic, but several of them 
form both neutral and acid salts with the alkalies ; a biformiate, 
a binacetate, and a bistearate of potash, for example, may be 
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readily obtained. Many of them yield with oxide of lead, not 
only the usual neutral salt, but also basic salts, which contain 3 
equiviilents of oxide of lead for each equivalent of acid. Many 
of these basic salts are freely soluble in water. 

The remarkable relation which these acids bear to*the alcohols 
has already been pointed out (p. 3 1 ) ; — for every alcohol there is a 
corresponding acid, which may be formed from the alcohol by a 
regulated . process of oxidation, which may sometimes be effected 
directly — as in the conversion of wine alcohol into vinegar — by 
the operation of finely divided platinum ; but more usually it is 
necessary to resort to indirect means, su(di as heating the alcohol 
with hydrate of potash ; in which case hydrogen is eliminated, 
whilst oxygen enters into the compound, the general form of the 
equation being : — 

CJI.^AIIO -f K(3,HO = K0,CJI_,03 + 4 11. 


The action of gaseous chlorine upon the acids of this group 
Ogives rise to the formation of chlorinated acids, in which a certain 
number of equivalents of the hydrogen is displaced by an equal 
number of equivalents of chlorine ; but the saturating powujr of 
the acid is not alttu'cd. In many, cases more than one chlorinated 
acid may be formed from the original acid ; for example : — 

r, 

Acetic acid 110, C4 TT3 O3 i 


Chloracjctic acid 


Butyric . HO, ll; O3 


Valeric . HQ, 0; 


Stearic . HO, OgJIaAi 


j^Tj'ichloracctic acid 
f Biclilorobutyric 


no, 

no, C4 Cl* O3 
HO, C3^J^'jo3 


Ciu!i(lri<^lilorobiityric IIO 

(/lilorovalorisic 
(Tricliloiovalcric) 


no, c 


H 

“Cl. 


Chilorovalerosic 1 p lig") p 
(Quadrichlorovaleric)) ’ ^^^^014) * 

I^Chlorostcaric 


, 1 > 

no, C3eJ^j^j|o3. 


Several of these acids also furnish nitro-aeids, when treated 
with fuqiii^g nitiic acid; such, for example, as the following: — 

Nitropropionic acid . . HO, II4NO4, O3 

Nitrobutyric acid . . ’HO, H<jN04, O3 

Nitro valeric acid . . HO, Ci(>Tl8N04, O3. 

An interesting observation was made by Kolbe regarding the 
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mode in which the salts of these acids are decomposed by the 
voltaic battery. The first stage of the electrolysis consists in the 
separation of the salt into two portions ; the metal going to the 
negative plate^ wliilst the acid and the oxygen travel towards the 
positive electrode. Here the second stage of the process com- 
mences ; tlie oxygen and the acid, reacting upon each other in a 
definite manner. When, for cxamjde, a strong solution of valerate 
of j)otash is submitted to the action of four cells of Bunsen^s or 
of Grove’s battery, the potassium of the salt is evolved as usual at 
the negative electrode ; and by here decomposing an equivalent of 
water it immediately forms potash, and liberates an equiva- 
lent of hydrogen : but instead of pure valerianic acid being 
liberated at the positive plate, carbonic acid and a quantity of an 
ethereal oil, with a portion of undecomposed valerianic acid, are 
set free. This ethereal oil consists chiefly of tetryl, or butyl 
2 (CqH,,), the radicle of the fourth alcohol. No oxygen escapes ; 
the valerianic acid having undergone oxidation in the manner in- 
dicated by the following symbols : — 

Valerate of PutHsfi. Cathion. Anion. 

+ — 

(KO, Ciolly03) yields K; CioHaO^ : and K + 2 HO becomes 

Tftrjl. Carbonic Acid. 

KO, no -f II ; whilst CjoHjjOi breaks up into Cyllj^ -f 2 CO^^. 

Other salts of the same class of acids present analogous ])hc- 
nomcna : the acetate's yield methyl : the butyrates, trityJ (propyl) ; 
and, generally, it is found that on deejomposing the salts of the 
stearic groiij) by the voltaic current, they yield at the positive 
electrode, carbonic acid and the radicle of tlie alcohol imme- 
diately bclow^ them in the scries. Hence, Kolbe was led to 
regard the aends of this group as coupled oxalic acids ; each acid 
containing the radicle of the particular, aledhol which is separated 
during its clecti’olysis ; for instance : — 

Kolbo. Gerbardt. 

' ' ' ' * ' 

Acetic acid =-. HO, ((-2113)0203 or Mcthylformic HO, 02(02113)03 

Propionic = HO, (0,H,)02O3 or Ethylformic HO, C2(CJl‘)03 

Butj^ric = HO, or Tritylformie HO, C2(C6H7)03 

Valeric = HO, (ChH,) 02O3 or Tetrylformic HO, 02(09119)03; 

and so on. Gerhardt prefci's to regard them as derivatives of 
formic acid, in which the. hydnigeu of the formic acid is dis- 
placed by the radicles of the alcohols : this view accords equally 
well with the results of electrolysis, and is certainly more in harmony 
with the present state of our knowledge of the mode in which 
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chemical compounds are formed. Such a supposition, however, 
does not indicate any theory as to the molecular constitution of 
formic acid itself ; it merely states that in whatever way formic 
acid be constituted, the higher acids of the group are probably 
similar in their atomic arrangement : and formic acid^ itself may 
possibly be an oxide of a radicle which itself contains oxygen. 
Thus : — 

Formic acid would then &e . HO, [C2(^^^)^2]0 

. Acetic acid „ . HO, iC 3 (C 2 ^:<)^a]^ 

Propionic acid ,, . HO, 

Some difficulty is experienced in procuring the soluble salts 
of the higher fatty acids in a state of purity ; since few of them 
crystallize readily from their acpieons solutions. The baryta salts 
Mhen soluble, however, generally admit of being procured in well- 
defined forms. 

The soda salts of this group of acids arc all soluble in hot water, 
and arc therefore easily prepared by boiling the fatty acid with a 
slight excess of the alkali. This excess of alkali may be removed from 
the soda salts of the higher t(jrms of tht^ series, by taking advantage 
of their insolubility in a concentrated solution of (diloride of sodium ; 
for as soon as the solution of thoysoap is j)ourcd into strong brine, 
the soda soap is separated iii the foi*in of a curdled granular mass^ 
which can be easily collected on a linen filter and pressed, whilst 
the excess of soda remains in solution with the chloride of sodium. 
The (!oagulatcd soap is then to he rc-dissoh ed in water, and salted 
out once or twice more : finally, the soda salt may be purified from 
the chloride of sodium by re-crystallization from alcohol. 

The foregoing ju’oeess cannot be adoj)ted with the potash salts, 
since the potash soaps arc decomposed when mixed with chloride 
of sodium, a soda soap b('ing fornu'd w hilst chloride of potassium 
remains in solution:* Clijoride of potassium cannot be substituted 
for chloride of sodium in salting out, since the soaps are not in- 
soluble in a solution of chloride of potassium. 

The method to be used in the preparation of the pure potash 
salts consists, therefore, — in boiling the acid with an excess of car- 
bonate of potash, evaporating the solution to dryness, and then 
separating the potash salt from the excess of carbonate by dissolving 
the soap in alcohol ; on evaporation of the alcoholic solution, the 
potash salt of the oily acid may generally be obtained in crystals. 
The insoluble soaps may be procured by double decomposition ; 
a pure and rather dilute solution of the potash or of the soda 
salt being mixed with a dilute solution of a salt of the metallic 
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oxide^ such as sulphate of copper^ acetate of lead, or nitrate of silver ; 
according as a compound of copper, of lead, or of silver, is desired. 

The following tabic indicates the composition of the acids of 
the stearic series, and the melting point of each acid, with the 
source vvheivcc it is obtained : — 


Ac•id^. 

Formulae. 

Mcllirifj 
point ° F. 

Roilinj; 
point “ F. 

Whence obtained. 

Mcilissic. . 

HO, 0^,0^5903 

102 


Bees' wax. 


Cerotio . . 

HO, C,JL,/)a 

174 


B(‘e8' wax. 


Arachidic . 

HO, 

167 


Butter; oil of ground nut. 

JStearic . . 

HO, C3„ll.,,,Oa 



Most solid animal fats. 

Palmitic 

110,033113.03 

143-8 


5 Palm oil ; butter ; 

/ wax, &c. 

bees’ 

Myristic 

HO, 

129 


i Nutmeg butter; cocoa- 
( nut oil, Ac. 

Laurie . . 

H0.C3,H3303 

I TO 


i Cocoa-iuit oil ; berries of 
( tlio bay tree. 

Italic . . 

HO, C3„H„03 

86 


i Butter ; oil of rue by 
) oxidation. 

Pelargonic . 

HO, C,JT„03 


500 

i Leaves of the ge- 
1 rauium. 

0 

'S 

Caprylic 

HO, C..,!!./).. 

r>9 

437 

Butter; cocoa-nut oil. 

"3 

CEnanihylie 

no, C„H.3 03 

j below 0'^ 

298 ? 

j Castor oil by dis- 
1 tillation, &c. 


Caproic . . 

H0,C.3H„0... 
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Bui ter. 



j 

( Vab'rian root ; 

"S 

Valeric . . 

HO, 0,311303 

! below 0 

347 

< oxidation of fou- 




( sel oil. 






( Butter ; ferrnen- 
\ tation of lactic 

0 «s 

Pulyric . . 

HO, C3 H, O3 

below 0 

314 

'o 



( acid, Ac. 

d 

0 

Propionic . 

no, C3 1I3 O3 ^ 


284 

( Fermentation of 
( glycerin, Ac. 

3 

T 3 


1 



( Distillation of 

g 

Acetic . . 

HO, 0 , H3 O3 : 

63 

243 

1 

< M ood ; oxidation 



( of alcohol, Ac. J 

PQ 





r Bed ants ; distillation of 

Formic . . 

no, C3 H 0, 

21 

221 

\ oxalic acid ; and oxida- 
1 lion of amylaceous and 

1 




V, other organic bodies. 


Melissic aiul ceroiic acids have been £il ready described (1135). 
Arachidic ox buiic acid docs not appear to have been obtained from 
butter in a state of perfect purity ; but a crystalli74able fatty acid 
having the composition assigned to it in the Table, has been ex- 
tracted from the oil obtained from the seeds of the Arachis hyjiogcea, 
the ground-nut oil of Western Africa. 

(1154) Stearic Acid (HO, — This important fatty 

acid is liberated during the saponification of all the fats which con- 
tain stearin. Until recently it was regarded as a dibasic acid, and its 
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formula was represented as (2' HO, CgaUgoOg). It may, however, 
with care, he distilled without clecomposition, and further experi- 
ments by Heintz and others have shewn that it belongs to the 
same series of acids as the palmitic, which it greatly resembles. 
The bassic add, which Hardwich extracted from the oil of the 
Bassia latifolia, and found to possess the formula (110,03^113503), 
is pure stearic acid. 

Stearic acid may be obtained *l)y saponifying mutton suet, and 
decomposing the hot solution of the soap with hydrochloric, or 
still better, with tartaric acid. The oily acids arg next to be sub- 
mitted to pressure between hot plates, by which means a large 
portion of the oleic acid is separated : the solid residue is then to 
be recrystallizcd from alcohol, three or four times, and afterwards 
from ether, until the fusing point becomes constant at 159°- 
The ethereal solution, if allowed to cool very, slowly, dej)Osits 
the acid in beautiful colourless, transparent, rhombic plates. 
When fused it presents the apj)carance of a colourless oil, destitute 
of taste or odour ; and, on solidifying, it concretes into a white 
crystalline mass, wliich is ingioluble in water, but freely soluble in 
hot alcohol : this solution reddens litmus. 

Stearates , — Stearic acid fornu^both acid and neutral salts. The 
stearates of the alkalies arc soluble in a small quantity of water, 
and in alcohol ; a mixture of alcohol and ether, of sp. gr. o' 7 ^^o, also 
dissolves them, and deposits them in crystals on cooling. When an 
a(]ueous solution of neutral stearate of potasli or of soda is largely 
diluted with water, the liquid l)e(!omes turbid, and a copious sepa- 
ration of silky crystalline j dates of an acid stearate of the base 
is occasioned. Clievreul, who has carefully examined this decom- 
position, finds that it is not an isolated case, but that generally, 
Avhen a salt is formed by the union of abase soluble in water with 
an acid which is ins»hfl)^e, the neutral salt so obtained is decom- 
posed by water, with the precipitation of an insoluble acid salt, 
while a portion of the base remains in solution. 

Stearate of soda is the basis of ordinary hard soap. The soluble 
stearates are separated from their solution in water by the addition of 
a large excess of soda or of potash. Chloride of sodium also causes 
their immediate coagulation; and some other salts have a similar 
eflect : advantage is taken of this fact to separate soap from glycerin 
and other impurities in the operation of soap-making. 

The other stearates are insoluble ; those of baryta and lime 
are crystalline, and insoluble in alcohol. Stearate of magnesia 
is fusible, and may be dissolved by boiling alcohol. Stearate of 
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lead is easily formed by adding a solution of acetate of lead to one 
of stearate of soda : it is a heavy amorphous precipitate, fusible 
at about 260°, sparingly soluble in alcohol and in ether, but readily 
soluble in oil of turpentine : stearate of lead is one of the con- 
stituents of the ordinary lead plaster. 

Stearic acid, when submitted for some weeks to a current of 
chlorine, at a temperature of 2 t 2°, loses a portion of its hydrogen, 
and becomes converted into a yellowish, transparent, chlorinated 
compound, of a resinous aspect, in which Hardwicli found that 10 
equivalents of hydrogen had been displaced by 10 equivalents of 
chlorine, forming chlorostearic acid (HO, C36ll25Cli,)03). 

When stearic acid is boiled for some days with nitric acid, it 
is gradually converted into suberic and succinic acids (1180, 1181). 
It has been stated that it may be converted into margaric acid 
by gently heating it for a short time with nitric acid, but Heintz 
has shewn that this is an error. 

(115/;) Palmitic Acin (IIO, C32H31O3). — This acid is obtained 
most readily from palm oil, the solid portion of which consists 
chiefly of the glycerin compound of palmitic acid, and which, 
when long kept, often contains ^ the free acid in large quantity, 
amounting in some instances to one-third of its weight. Under 
these circumstances the oil contains a considerable quantity of 
uncombined glycerin. Palmitic acid may also be procured by the 
saponification of spermaceti : according to Heintz, it is likewise 
present in human fat, in the solid constituent of olive oil, and gene- 
rally in substances which have been described as yielding margariii. 
It is likewise one of the pi'oducts of the decomposition of oleic acid 
when this body is fused with twice its weight of hydrate of potash ; — 

Oleic Acid. Paluiit. Potash. Acet. Potash. 

+ 2 (KG, HO) = ^ k"o.‘c,HA +2H. 

Palmitic acitl, after repeated crystallization from alcohol, appears 
as a tasteless white fat, which may be obtained in tufts of delicate 
needles, fusildeat i43°'6. It may, with care, be distilled without 
und ergoin g decomposi tion . 

The neutral palmitates of the alkalies are readily soluble in 
hot water, and form a solution winch gelatinizes on cooling. They 
are sparingly soluble in cold alcohol, but freely so in boiling 
alcohol : this solution deposits the salts in crystals on cooling. 
The aqueous solutions of " the neutral palmitates, when largely 
diluted with water, are decomposed in a manner similar to those 
of the stearates, into an insoluble acid salt, whilst a portion of the 
base remains in solution. 
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(1156) Margaric Acid (HO, C31H33O3). — The existence of 
this acid has recently been denied by Heintz, who states that the 
body hitherto described under this name is in reality a mixture 
of stearic and palmitic acids. In order to prepare the substance 
formerly designated as margaric acid, Marseilles, or olwe-oil soap, 
is to be dissolved in boiling water, and mixed with a solution of 
chloride of calcium ; a precipitate of mingled oleate and margarate 
of lime is thus obtained, which afUcr being dried is pulverized and 
digested in cold ether, so long as anything is dissolved : the 
oleate of lime is thus brought into solution, whilst the margarate 
is left behind. The margarate is then decomposed by boiling it 
with hydrochloric acid, and the oily acid which separates is 
thoroughly w ashed and rccrystallizcd from alcohol ; as thus ob- 
tained it melts at 140° F. Heintz, however, states that the acid 
so obtained may be separated into stearic and palmitic acid, by 
repeatedly crystallizing it from alcohol ; the melting point 
may thus be raised till it reaches 159®, the fusing point of 
stearic acid. A better plan consists in adding to a boiling 
solution of the acid in alcohol a boiling solution of acetate 
of lead, or of acetate of baryta, containing a quantity of the 
baryta, or lead salt, amounting^to two-sevenths of the weight 
of the fatty acid. As the liquid cools, a precipitate is obtained, 
which is to be collected upon a filter. This portion con- 
tains the whole of the stearic acid, wdiilst most of the palmitic 
acid remains in solution ; the filtered liquid is now to be precipi- 
tated by an excess of the baryta or lead salt. This latter pre- 
cipitate contains the palmitic acid ; it may be decomposed by 
hydrochloric acid, and recrystallized from alcohol till its melting 
point remains fixed at J43°'6. If necessary, it may be again sub- 
mitted to a partial precipitation with acetate of lead, or of baryta. 

Although the melting point of siearic acid is 159°, and that of 
palmitic acid is 143°*6, lleintz finds that a mixture of the two 
acids melts at a low^cr temperature than either of them separately; 
and if 9 or 10 parts of palmitic acid be fused with i part of 
stearic acid, a mass is obtained wdiich solidifies at 140°; which 
corresponds to the fusing point of the so-called margaric acid. 

(1157) Myristic acid (HO, C28H27O3) is comparatively unim- 
portant; it is furnished by nutmeg butter, and fuses at 129^ 
(Heintz). 

Laurie acid (IIO, C24H33O3), fusing point no® (Heintz), was 
first extracted from the soft green fat of the bay berries {Lauras 
nobilis), but it has since been found in cocoa-nut oil (Georgey), as 
well as in the pichurim nut and in cacao butter. 
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CAPllIC AND PELARGONIC ACIDS. 


(1158) CapriCj or as it has been more conveniently termed, 
rutic acid (HO, C30H19O3), is a volatile fatty acid which possesses 
many interesting relations to other bodies. It was discovered by 
Chcvreul amongst the products of the saponification of butter ; but 
it is also fnrnislied by the oxidation of oleic acid by nitric acid, 
and Gerliardt has procured it readily by acting upon oil of rue with 
fuming nitric acid ; oil of rue (C20H20O2), having in fact the 
composition of the aldchyd o 2 capric acid : during the oxida- 
tion of oil of rue by nitric acid, a portion of pelargonic acid 
is usually formed at the same time. Capric acid is also contained 
in small quantity in tlie fatty acids of the cocoa-nut oil. Capric 
acid crystallizes in colourless needles, which are fusible -at 86° ; it 
has a slight odour of the goat. This acid is sparingly soluble in 
boiling water, but it separates completely, in glistening plates, as 
the liquid cools ; its taste is sour and burning. It is soluble in 
alcohol in all proportions : when distilled it is liable to undergo 
partial decomposition. Chipric acid is generally purified by causing 
it to combine with baryta ; the salt thus obtained crystallizes in 
brilliant plates : it is soluble to a considerable extent in boiling 
water,but requires 200 parts of cold water for solution. 

(1159) P("l(Jrgonic Acid (HO,Cjj;jHi703). — This acid is com- 
paratively uuimj)ortaiit : it was originally extracted from the leaves 
of the geranium, by distilling them with water, purifying the oil 
which floats on the surface by neutralizing it with hydrate of 
Ijaryta, and heating tlic mixture to drive oft’ a volatile oily body 
which conu's over with the acid. The pelargonate of baryta is 
aftcTwards decomposed by ari acid. Pelargonic acid may also be 
])reparcd by heating oil of rue with an equal measure of nitric acid 
which has been diluted wdth its own bulk of water; and it is also 
produced by the oxidation of oleic acid by the same reagent. 
Pelargonic anhydride (Cj^HiyOg, CigIIi703).. is a colourless oil 
which solhlitics at 32°, and has a disagreeable odour of rancid butter: 
it is obtained by acting upon pelargonate of baryta with oxy- 
chloride of phosphorus. Hydrated pelargonic acid is a colourless 
oil which is nearly insoluble in water, but soluble in alcohol and 
ether : it has a faint unpleasant smedl ; at 500° it boils, and may 
be distilled unchanged : according to Delffs it is identical with the 
cenanthic acid of Liebig and Pelouze. 

(1160) Caprylic acid (HO, CjoHigOg), Sp, gr, of vapour 5*3 1, was 
one of the volatile acids obtained by Chevreul during the saponifi- 
cation of butter ; it is found likewise in cocoa-nut oil, as well as 
amongst the products of the oxidation of oleic acid by nitric acid. 
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Caprylic anhydride Ci^HigOg) is a limpid oil of a disagree- 

able odour, which burns with a luminous flame : it becomes solid in 
the cold produced by a mixture of ice and salt. Hydrated caprylic 
acid becomes solid at about 54°, it melts at 58° or 59°, and boils and 
may be distilled at 457° : it is but sparingly soluble in water even 
at a temperature of 212®. It is best prepared by decomposing the 
caprylate of baryta with sulphuric acid : caprylate of baryta is 
insoluble in alcohol and in ether, but is dissolved by twice its 
weight of boiling water ; it crystallizes from its aqueous solution 
in anhydrous colourless plates, which are deposked in rounded 
nodular masses. Caprylic acid is usually accomj)anied by rutic 
acid, but since the caprylate of baryta is more soluble than the 
rutate of this base, the acids may be separated by converting them 
into baryta salts and then crystallizing them. 

(1161) (Enanihylic Acid (HO,Ci4lIi30;j). — This acid is obtained 
as one of the products of the oxidation of oleic acid by means of 
nitric acid, it is also produced during the destructive distillation 
of castor oil ; but it is most readily obtained by heating one part of 
castor oil in a retort with two parts of concentrated nitric acid 
diluted with twice its volume of water. A brisk reaction occurs ; 
the mixture must be maintained q> a boiling temperature for a few 
hours, and the products which distil over must be mixed with water, 
when an oily stratum of ocnanthylic acid will rise to the surface ; 
it must be again distilled with water, and may be obtained as a 
monohydrate by distilling the liquid from fused phosphoric acid. 

(Enanthylic anhydride {C14H13O3, may be obtained as 

an oily liquid of sp. gr. 0*92, by distilling ocnanthylate of potash 
with oxychloride of phosphorus. Hydrated ocnanthylic acid may 
be exposed to a cold of 0° without becoming solid; it boils and may 
be distilled at 298°, but it undergoes partial decomposition during 
the operation. Oner-ofit^ most characteristic salts is the ocnan- 
thylate of copper, which crystallizes in beautiful green needles; 
these are soluble in alcohol, but nearly insoluble in water. 

(1162) Caproic Acid (HO, C12H11O3) ; gr. of vapour 4*26. — 
This acid is liquid at ordinary temperatures : it has a characteristic 
odour of acid sweat, and has a pungent and sAveetish taste ; the con- 
centrated acid bleaches those parts of the tongue which it touches. It 
boils at about 392*^, and may be distilled unchanged. Water dissolves 
it to a small extent. Caproic acid is obtained in small quantity by 
the saponification of butter, or of cocoa-nut oil, and it is amongst 
the volatile products of the oxidation of oleic by nitric acid. It 
may be obtained from butter by pressing out the portion which 
remains liquid at 60®, then saponifying this oil and distilling the 
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soap with sulphuric acid ; rutic,^ caprylic, caproic, and butyric 
acids are thus obtained in the liquid which passes over. The dis- 
tillate is to be neutralized with baryta, which forms a soluble 
caproate, whilst the caprylate and rutate are nearly insoluble. 
The caproate and butyrate are separated by crystallization, the 
caproate assuming the form of delicate, brilliant, anhydrous needles, 
if the solution be evaporated above 86°, whilst if left to spontaneous 
evaporation it forms hexagonal plates which effloresce in the atmo- 
sphere. Anhydrous caproate of baryta, if distilled with perchloride 
of phosphorus, yields caproic anhydride (C12II11O3, C12U11O3), in the 
form of a colourless neutral oil, which floats on water, by which it 
is rapidly converted into the hydrated acid. Caproate of silver is 
sparingly soluble, but most of the other salts of the acid arc readily 
dissolved by water. 

(1163) Valeric, or Valerianic Acid (HO, CioH„ 03 ) ; ^p. 
gr, of liquid 0*937^ of xmpour 3*66. — This compound appears to be 
identical with the phocenic acid obtained by Chevreul from some 
of the fish oils. It occurs also (associated with a peculiar essential 
oil) in the root of the valcriiin ; it is likewise present in the berries 
of the guelder-rose {Viburnum o^mlus) . If valerian root be distilled 
with water acidulated wdth dilute sulphuric acid, valeric acid passes 
over into the receiver : its quantity may be increased by digesting 
the root with a mixture of dilute sulphuric acid and bichromate 
of potash, since the valerian root contains a compound (valerol, 
Ci^HioOg);* which by oxidation becomes converted into valeric acid. 
A’aleric acid is also u frequent product of the oxidation of oleic 
acid and of other fatty acids ; it is likewise often present in 
decaying cheese, but it is most readily obtained by the action of 
oxiflizing agents on amylic alcohol. If the vapours of fousel oil be 
sent through a tube, filled with a mixture’ of dime and hydrate of 
soda and heated to 400^, valerate of soda is produced, and hydrogen, 
mixed with carburetted hydrogen, is evolved. When cold, the mass 
must be plunged at once into water to prevent it frora taking 
fire by access of air ; and the solution must be distilled with dilute 
sulphuric acid ; valeric acid then passes over into the receiver. 
A still easier method of preparing it consists in distilling fousel oil 
with a mixture of dilute sulphuric acid and bichromate of potasli ; 
valeric acid mixed with valerate of amyl (CioH^O, C10H9O3) passes 
over, and the latter may be decomposed by potash into valerate of 
potash and fousel oil. The valerate of potash when distilled with 
sulphuric acid furnishes pure valeric acid. 
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Valeric acid is a limpid colourless oil, which remains liquid at 
o°. It has a powerful odour allied to that of valerian root, and a 
burning taste. It boils at 347®, and may be distilled without 
change. It is sparingly soluble in water, but is soluble in 
alcohol and ether in all proportions : it is also freely soluble in 
strong acetic acid. Valeric acid resembles the acetic in its pro- 
perty of forming a second hydrate ( 110 , C10H9O3, 2 Aq), which is 
obtained when the acid is liberated by a stronger acid from an 
aqueous solution of its salts. Valeric anhydride ((310II9O3, CjoH^Og ; 
sp. gr. 0*934) is a colourless, mobile liquid, with an^agreeable odour 
of ap})les j it boils at 419°, and gives off a vapour of sp. gr. 6’23 : 
the alkalies in the presence of water rapidly con\ crt it into a 
hydrate. This eompound is easily obtained by allowing one part of 
oxychloride of phosphorus to fall drop by drop u))on six parts of 
dry valerate of potash ; washing the product with a weak solution of 
carbonate of soda, and then dissolving out the anhydride with ether : 
the ethereal solution is agitated witli fused chloride of calcium iu 
order to remove water; and on expelling the ether by heat, the 
anhydride is left in a state of purity. 

The valerates when dry are destitute of odour, they have a 
sweetish taste, and arc easily rec^ognized by the peculiar smell of 
valerianic acid which they emit when licated with dilute sulphuric 
acid. These salts, with the exception of the valerate of silver and 
of suboxide of mercury, are soluble in water, and many of them are 
also soluble in alcohol. Those of the alkalies are deliquescent, 
and crystallize with difficulty ; they fuse readily on the application 
of a moderate heat. Valerate of baryta crystallizes in prisms which 
are brittle. Valerate of zinc crystallizes in plates ; this salt, as 
well as some others of the valerates, has been used medicinally. 

Chlorine acts u[)on vak'ric acid by displacing a portion of its 
hydrogen; by this ntcans tw^o new substitution compounds may 
be formed. Both of these bodies retain the monobasic character 
of valerianic acid. They were termed by Dumas, chlorovalerisic 
(HO,CioH«Cl303) and chlorovalerosic (HO, CioH^Cl^Oy) acids ; both 
of them form stable, well-defined salts. 

When valeric acid is boiled for several days with concen- 
trated nitric acid it becomes decomposed, and a great part is con- 
verted into nitrovaleric acid (HO, CjoH^ (NOJ O3), which is vola- 
tile without decomposition ; it crystallizes in beautiful rhomboidal 
tables, and forms definite salts. 


(1164) BuTyiuc Acid (HO, CgHyOg) ; gr. of liquid at 
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0-9886, of vapour 3*07.— This acid is a liquid which, at 59°, has 
the sp. gr. 0*973 ; it remains fluid at —4° F., and volatilizes at or- 
dinary temperatures with a strong smell of rancid butter ; it boils 
at 3I4‘*‘6 F. (Kopp), and may be distilled unchanged. Butyric acid 
has a sharp acrid taste, and is readily soluble in water, alcohol, 
and ether : the addition of a solution of hydrochloric acid or of 
chloride of calcium to its aqueous solution causes the butyric acid 
to separate and rise to the surface. The acid is easily obtained in 
a state of purity by distilling three parts of the butyrate of lime 
with twelve parts of water and one of concentrated hydrochloric 
acid : about one part of liquid should be distilled over. If the dis- 
tillate be digested upon an excess of chloride of calcium, the solution 
which is formed separates into two layers, the upper one of which 
contains the butyric .acid : it must be decanted into a retort and 
distilled : the first portions which pass over are aqueous, but when 
the temperature rises 4 ;o 327° (Gelis and Pelouze), the acid passes 
over in the concentrated form (HO, CgllyOg). Butyric anhydride 
C8H7O3, CSH7O3) ; (jr. of liquid at of vapour 5*38. — 

This body may be obtaiiuul by distilling a mixture of five parts 
of chloride of benzoyl, and eight of dry butyrate of soda : it 
forms a colourless, very mobile liquid, with an odour which resem- 
bles that of the pine aj)ple. It boils at 374®. When exposed 
to the air it absorbs moisture and acquires the repulsive odour 
of the hydrated acid. 

Butyrates. — Butyric acid is monobasic. Its salts when dry are 
without odour ; but when moist tliey have a smell of rancid butter. 
Most of them are very freely soluble ; when reduced to powder, an& 
throwm upon w ater, they are dissolved with a rapid gyratory motion. 
Butyrate of baryta crystallizes, by spontaneous evaporation, in long 
prisms, with four equivalents of water 3 when foimied by the cooling 
of a hot solution it retains only two equivalents of water.* Butyrate 
of zinc crystallizes in pearly tables, which when heated to 212° fuse 
and then lose part of their acid, after which a portion of the salt 
undergoes sublimation in the anhydrous form. With lead, butyric 
acid forms two salts, one of which is neutral, while the other con- 
tains three equivalents of base. The butyrates of suboofide of 
mercury and of silver are sparingly soluble ; they crystallize in 

*On one occasion I oh+r.jit5d it crystallized in anhydrous square tables, pre- 
senting the appearance of the. square base of the octohedron. They were, 
how'ever, in reality maclcd crystals formed hy the junction of two nearly 
rectangular rhombic tables. In other cases the salt forms fibrous crysto 
which are also anhydrous. ^ 
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brilliant plates. But the most characteristic salt of butyric acid is 
the butyrate of limey which forms fusible colourless needles, which 
are rendered anhydrous by a temperature of 284° : this salt is much 
less soluble in boiling water than it is at ordinary temperatures, 
and when its aqueous solution is boiled, a large propoHion of the 
salt is precipitated, and is redissolved as the liquid cools. Chlorine 
acts readily upon butj’^ric acid in the sunlight, and forms two 
substitution acids which are analbgous to butyric acid, and which 
yield corresponding monobasic salts ; tliesc acids are : — 

Bichlorobutyric . . . . II O, CnH5C1.^03 

Quadrichlorobutyric . . . IIO, Ct^ll^Cl/Ia. 

Nitric • acid converts the butyric into nitrulmtyric acid (IIO, 
C3H0NO,, O3.) 

Butyric acid exists ready formed in certain fruits, and it is 
one of the products of oxidation of azotised matters, such as 
fibrin or casein, when treated with oxide of manganese and sul- 
phuric acid j it is also obtained amongst the results of tlie action of 
nitric upon oleic acid. All substances which furnish lactici acid 
may be made to yield the butyric; and it is frccpiently developed 
during the fermentation or decay of many mucilaginous and amy- 
laceous roots, such as the ])otat(;"^nid the mallow. Butyric aca’d 
may be obtained at pleasure in large (j liaiiti ties, by the following 
method of fermenting sugar diseovered by Pclouzc and Gelis 
{Ann, de Chimie, III. x. 434). A solution of 41b. of sugar in 
a quantity of water suHicient to form a solution of sp. gr. 1*070, is 
mixed with a quantity of poor cheese, which in its dry state would 
contain casein to the extent of one-eighth of the weight of the 
sugar used, and 2lb. of chalk ; the whole is then exposed for some 
weeks to a temperature ranging between 8o‘^ and 90° F, The 
liquid speedily, beconu's ropy, lactic acid is formed abundantly, and 
combines with the •lime, but the lactate of lime in turn undergoes 
decomposition ; when this second reaction commences, a mixture of 
carbonic acid and hydrogen escapes from the fermenting mass, 
and butyrate of lime is formed in abundance. This reaction is 
explained by the following equation : — 

La43tie Acid. Butyric Acid. 

• + 4C0, 4- 4H. 

(1165) •^t^rojnoniCy^ Propylic, MetacetiCy or Metacetonic Acid 
(HO, CeH603). — This acid is formed in a variety of ways; for 

* From frpSfTos first, Tricov fat, because the first or simplest in the series 
of the true fatty acids. 

PART III. D D 
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example — ^it is one of the products of the oxidation of olcie acid ; and 
it is also obtained by the action of potash upon hydrocyanic ether. 
In the latter case, ammonia is liberated and propionate of potash 
is formed : — 

Cyanitlo of Ethyl. Propionate of Potash. 

-f 2110 4- mno, = Ka'bgH.Oa + H3N; 

a conctmti atcd alcoholic solution of potash is to be heated in 
a tubulated retort, and cyanide of ethyl added drop by drop ; the 
disti]Jat(^ is to be returned into the retort until the odour of cyanide 
of ctliyl has disap])earcd : the residue of propionate of potash, when 
distilled with syrupy ])hosplioric acid, yields pure propionic acid. 

Strccker has likewise observed the formation of this acid by the 
fermentation of a mixture of lactate of lime and man nite, which had 
been set aside with the view of procuring butyric acid. Crude 
tartrate of lime in warm weather frequently undergoes a species of 
fermentation, and furnishes ]>ropionic acid. The acid is also pro- 
duced during the fermentation of glycerin (1147). Metace- 
tono (CfjligO j 924) when oxidized with a mixture of bichro- 
mate of potash and sulphuric acid; also yields the acid, and 
it derived its name of nu'-tacetonic acid from this circumstance. 
Pro])ionie acid, when prepared fWm these sources, is liable to be 
contaniiiiated with acetic and other acids homologous with the 
acetic. These may he removed by saturating the distilled liquid 
with carbonate of >oda, and eva})orating to the crystallizing point; 
the acetate of soda ciy sialUzt^s out, whilst the propionate remains 
ill the mother liquor, fj‘om which propionic acid may be pro- 
cured by distillation with sulphuric acid. 

Hydrated propionic acid (HO, Cell^O^) crystallizes in plates 
which melt on the application of a gentle heat; at a temperature 
of 284'' it boils and may be distilled : it has a powerfully acid taste, 
and a punge nt odour wdiich is intermediate be\w^een that of butyric 
and of acrylic acids. Propionic acid is largely soluble in water, but, 
when this liquid is saturated with it, the excess of the acid .floats 
like an oil upon the surface. 

Most of the propionates are soluble and crystallizable. The 
propionates of poiatih and of Hoda arc deliquescent. Propionate of 
lime is efflorescent, but very soluble. Propionate of baryta 
droiis, and very soluble • it ciystallizes in prisms, which when thrown 
into water are dissolved with a gyratory motion. Propionate of 
copper (CuO, CgH^Oa, Ac[) crystallizes in oblique prisms, which are 
readily soluble in alcohol, but very slightly so in water. Propionate 
of silver is anhydrous, and less soluble than the acetate ; it crystal- 
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lizes in tufts of short needles, ^and blackens by exposure to light ; 
but the acetate and the propionate of silver cannot be separated by 
crystallization, for they unite and form a double salt, which is 
deposited from a hot solution in brilliant dendritic needles. 


A nitro-proplonic acid, HO, may be obtained as a 

heavy yellow, sparingly soluble ojl, by treating butyrone, Ci.iHi4,02, 
with nitric acid. Its salts detonate feebly wlicii heated. 


(1166) Acetic Acid (IIO, CJI3O3) — This ecid was one of 
the earliest known of the organic acids, and it is one of the most 
important. In a dilute form, mixed with various impurities of 
vegetable origin, it constitutes ordinary vinegar, which rarely con- 
tains more than 5 per cent, of the anhydrous acid. 

Preparation , — The existence, of acetic acid in the juices of 
plants has not been satisfactorily proved, but it is formed artifi- 
cially in a variety of processes. 

1. A large quantity is furnished during the destructive 
distillation of wood in iron retorts. The wood is usually 
jdaced in these retorts in loose iron cases, by which means 
the charge can be rajudly in^^xluced Avitliout loss, while the 
retort is still hot, and tin', charcoal can be withdrawn when the dis- 
tillation is complete. The Jiartlei* kinds of wood, j)ai’ticuiarly the 
ash and beech, are those which yield it most abundantly : the crude 
acid thus obtained is called in the arts, pyroVnpteom avid. A large 
quantity of tarry matter comes over during the operation, accom- 
panied also by volatile and infianiniable bodies, among which wood- 
spirit and acetone ])redomiiiatc. These bodies are condensed in 
suitable receivers, whilst a considerable quantity of combustible 
gases, including hydrogen and mnr h gas, are directed into the 
furnace, where the.y*^scrve as fuel, and aid in heating the retorts. 
As soon as the gases cease to escape, the loose iron cylinders con- 
taining the wood are withdiawn, and immediately closed with an 
air-tight cover, so as to allow the charcoal to cool excluded from 
the atmosphere. The crude acid liquid which has been collected 
in the condenser is decanted from the tar, and, when submitted to 
distillation, furnishes wood naphtha, which constitutes the more 
volatile portions ; afterwards the acetic acid is collected ; the 
latter, however, is always accompanied by tarry matters \ in 
order to get rid of these, the liquid is neutralized by the addi- 
tion of carbonate of lime, or carbonate of soda, and the crude 
acetate thus obtained is cautiously roasted at a gentle heat to expel 

D D 2 
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the tarry matters, and is afterwards recrystallized and submitted 
to distillation with sulphuric or with hydrochloric acid. The 
greater part of the acetic acid employed in the arts in this country 
is obtained l>y this method. M. Mollerat, taking advantage of the 
insolubility of sulphate of soda in acetic acid, obtains a nearly 
pure acid at once, by allowing suljdiuric acid to flow into a deep 
vessel containing the acetate of soda, in the proportion of 34lb. or 
361b. of oil of vitriol for every loolb. of acetate of soda. The 
sulphuric acid is caused to flow quietly under the salt without 
mixing with it, m order that the heat developed by the reaction 
shall be very moderate ; the materials are then slowly mixed, and 
after standing for a few hours the decomposition is complete ; the 
contents of the vessels gradually separate into two layers, the 
upper one containing the concentrated acetic acid, and the lower 
one consisting of suliduite of soda. The acetic acid is drawn off 
with a syphon, and . is afterwards rendered perfectly pure by 
distillation. 

2. In countries where alcohol is cheap, and particularly in 
Germany, dilute acetic acid is prepared on a large scale by the 
oxidation of alcohol in the manner already described (972), the 
diluted spirit being made to trictkle slowly over a large surface of 
wood shavings contained in vats of suitable construction. 

(J167) 3. Vhmjar . — TJic vinegar which is most esteemed for 
culinary purposes is that prepared from wine; it is extensively manu- 
factured in France, from thc^ acescent varieties of wine. The wine 
is introduced into largo casks capable of containing about 100 gallons 
each : they are arraiig('d in rows in a shed, the temperature of which 
is kept at I’rom 75® to 8 5^. IMie upper part of these casks is par- 
tially open to allow the access of air. A certain quantity of good 
vinegar at a boiling temperature is then placed in each cask, and 
every eight days a few gallons of fresh wine are added until the 
casks are about two-thirds full. In about a fortnight the acidi- 
fication is complete, a few gallons of the vinegar arc then drawn 
off from each cask, and the vessels are again filled up to the same 
extent with a fresh ([uantity of the wine to be acidified. It is found 
that this process takes ]jlace much less rapidly in new caska than 
in those winch have been used for this purpose for some time. A 
quantity of a gelatinous coai’erva becomes developed in them, and 
this substance, which has received the name of mother of vinegary 
favours the absorption of oxygen l)y the alcohol, in a manner wliich 
is supposed to be somewhat analogous to that in which platinum 
black acts under similar circumstances (859), 
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The following method of preparing vinegar, contrived by 
Boerhaave, is still practised extensively : — Two large vats are 
each provided with a false bottom supported at a height of about 
a foot above the floor of the vessel. Each vat is filled with 
vine cuttings, and rapes, or the foot stalks and skins of grapes ; 
the vats arc then charged with wine, one of them being completely 
filled, and the other only half filled. In this state the two vessels 
are left for at least twenty-four fiours at a temperature of 7 5°. At 
the expiration of this time the vat which had been left only half 
full is filled up from the full one, and thus evcry*twcnty-four hours 
a portion of the wine is transferred alternately from one vat to the 
other. The acetifieation goes on most rapidly in the vat which is 
only half full, and in this a sensible elevation of temperature may 
be perceived after the first three or four days, but it should not be 
allowed to rise beyond 8o“. The process reejuires from a fortnight 
to three weeks for its completion, according to the temperature of 
the atmosphere at the time, ^fhe vinegar is finally drawn off into 
settling casks, and when ch^ar is fit for use. 

4. Infusion of malt, weak solutions of sugar, and even mixtures 
of starch with yeast, furnish very good vinegar. Malt vinegar is 
the principal variety of vineginv employed for domestic purposes 
in England. According to lire, a good vinegar for domestic 
purposes may be prepared by adding to each gijlou of a syrup 
composed of 1 tlb. of sugar and 1 gallon of water, a quarter of 
a pint of yeast. If kept for three days at a temperature of 75® or 
80°, it will be sufBcicntly acidified to allow of being drawn off into 
the ripening cask, where ] oiinee of bruised raisins and i ounce of 
crude tartar are to lie added to eaeb gallon of liquor. When the 
sweet taste has quite disappeared it sho\ild be drawn off into 
])ottles and corked down tiglitly ; it is stated that such vinegar 
will contain 5 pcr^centf of pure acetic acid. In all cases where 
vinegar is formed by the oxidation of alcohol, it is necessary to 
favour the absorption of oxygen and the process of acetifieation by 
the presence of yeast, or of some albuminous matter such as is 
naturally contained in solution in the juices of plants or in vege- 
table infusions made at ordinary temperatures. A pure dilute 
solution of alcohol is not susceptible of acidification by exposure to 
the air. 

Vinegar prepared by the foregoing methods from fermented or 
fermentable liquors contains a large quantity of foreign matters^ 
from nearly all of which it may be freed by simple distillation : 
the acid liquid which comes over constitutes what is known in 
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pharmacy as distilled vinegar. Thg strength of any vinegar is 
best ascertained by determining the quantity of anhydrous car- 
bonate of soda which a given weight of it will neutralize: lOO 
grains of carbonate of soda corresponding to () 6 ''z grains of the 
anhydrous acid. Care must be taken to ascertain the absence of 
sulphuric or of any other acid when operating in this way. Com- 
mercial vinegar is allowed by law to contain TiiVoth of its weight 
of sulphuric acid ; tlie presence of which prevents the vinegar 
from becoming moiddy. 

Monohydrated acetic acid is best procured in a pure form by 
distilling acetate of soda with sulphuric acid, diluted with one- 
fourth of its weight of w'atcr. hhther binacetate of potash or 
acetate of co])pcr, when submitted to distillation without any 
addition, also furnishes the concentrated acid wdth facility. 

(1168) Properties of Acetic. Acid . — Normal acetic acid 
(HO, C.1H3O3 sp. gr. 1*063 at 62^) is liquid at temperatures above 
55° F., at Avhich temperature it crystallizes in radiating tufts 
of plates. It may he mingled in all pro})ortions with w'atcr, 
and its density increases on diliiticfn, until it contains three 
equivalents of wat(*r, when its density is 1*079. further 

diluted, the density dimiiiislies a(.^)rding to the ordinary hnv. In 
consequence of this anomaly, monohydrated acetic acid, and the same 
acid diluted w ith an ecpiaJ weight of w^ater, possess each the sp. gr. 
1*063. The concentrated acid has a sharp aromatic taste, and a 
peculiar pungent odour ; it blisters the skin if applied to it for a 
sulheient length of time. It boils at 243^, and may be distilled 
unchanged. The vapour of this acid is infiaramable, producing 
by its combustion w^atcr and carbonic acid. The vapour of acetic 
acid e\hil)its an anomalous dilatation when exposed to a gradually 
rising temperature : — 

At 69^ tlie density is 3*95 At 392*^ the density is 2*22 

At 257 >» yi yy 3 ^ 44^ » >9 ^ ^9 

At 320"" „ „ „ At 460^^ „ „ „ 2*o8 ; 

and beyond this it undergoes no further alteration until the acid 
is itself decomposed. At 446° and upwards, i equivalent of the 
acid follows the usual law of yielding 4 volumes of vapour (Bineau), 

Acetic anhydride ^ Sp. gr. of liquid at 69°, 

1*073 ; of vapour 3’47* — fhis compound was obtained by Gerhardt 
by several methods ; but tho^o-asiest consists in distilling three parts 
of oxychloride of phosphorus with eight of anhydrous acetate of 
potash, returning the liquid which passes over upon the residue 
and redistilling, until the odour of the chloride has disappeared ; 



ACETATES. 


407 


finally the liquid is rectified, , When pure it boils at 279°- 5, and 
is a colourless, very mobile liquid of high refracting power; it pos- 
sesses a very pungent smell, resembling that of acetic acid, com- 
bined with that of the hawthorn blossom. It emits a vapour 
which is extremely irritating to the eyes. Acetic anhydride does not 
mix immediately with water, but sinks through it in oily dro])s, 
which become slowly dissolvec^ evolving heat, and forming the 
ordinary hydrated acid. This anhydride gradually absorbs mois- 
ture from the air, and becomes converted into hydrated acetic acid. 
Potassium acts rapidly upon it^ an inflammable gas being given 
off, and the compound being by degrees converted into a crystalline 
mass of anhydrous biuacetate of ])otash [ (K(), 2 (aJL^ 03) ]. The 
same compound is also formed by dissolving dry acetate of potash 
in the anhydride. 

(i 169) Acetates, — Acetic acid is monobasic. Many of its salts are 
largely used in the arts. Acetate of Potash, which is employed medi- 
cinally as a diuretic, is an ardiydrous, foliated, very deliquescent, 
fusible salt, abundantly soluble in alcohol. It combines with a 
second equivalent of acetic 'acid when dissolved in the concentrated 
acid, and forms a (^rystallizablc binacctaic, w hich when subjected to 
distillation is decomposed in\J pure monohydrated acc^tic acid 
and neutral acetate of potash. Acetate of da (NaO, C1M3O3, 6Aq) 
crystallizes in oblique rhombic prisms : it fuses readily. This 
salt is prepared in large quantities during the piirilication of 
wood-vinegar, the crude acid being neutralized sometimes directly 
by means of carbonate of soda, or soda ash ; but in many manu- 
factories, after the crude acid has been neutralized by chalk and 
thus converted into acetate of lime, the li(|uid is mixed wdth 
sulphate of soda in the proportion of two ecjuivalents of the sul- 
phate to one of the act'tate. A soiublc acetate of soda is thus 
obtained by double dbconiposition, whilst a heavy crystalline 
double sulphate of lime and soda is formed, which can be more 
easily freed from the mother liquor than the pasty mass which 
the simple sulphate of lime would produce. Acetate of Ammonia 
is a very soluble salt, which is frequently used medicinally as a 
diaphoretic. Acetate of Baryta crystallizes below 60° with three 
equivalents of water, in oblique rhombic prisms ; at higher tempe- 
ratures its crystals assume the form of flattened prisms, and retain 
only one equivalent of water : it iar more soluble in cold than 
in hot water, and is slightly soluble in alcohol ; it is occasionally 
used as a precipitant for sulphuric acid ; when distilled it furnishes 
acetone. Acetate of Lime crystallizes in silky needles, which are 
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very soluble in water : if heated . to 248*^ it becomes strongly 
phosphorescent by gentle friction. 

Acetates of Ahimina . — These compounds are extensively manu- 
factured for the use of the dyer and calico printer. The common 
red mordant is ])re])arcd by precipitating 100 parts of alum in 
solution by moans of 1 20 of crystallized acetate of lead : the sul- 
phate of })otash of the. alum reipains undecomposed in the solu- 
tion. When this liquor is used as a mordant it is thickened with 
gum, and applied by means of blocks to tlie cloth. The acetates of 
alumina have recently been studied by Mr. Crum, who has oh- 
tabled several new and important results (Q. J. Chem. Soc. vi. 216). 
lie has proved the existence of two insoluble binacctates of alumina 
(AiPa, 2C4ll30:i, 5 Aq), and 204X1303, 2 Aq), besides a 

soluble binaectate (AhO^, 20,11303, 4A(i). The easiest method 
of preparing the comnieixaal acetate of alumina consists in decom- 
posing a solution of tersuljdiatc of alumina with one of acetate of 
lead ; but although 3 equivalents of snip] i uric acid arc thus removed, 
and 3 equivalents of aci^tic acid arc liberated, no solid tcracetate 
of alumina can be obtained from tbis^ liquid. Indeed Mr. Orum 
is of opinion that, oven wluai in solution, the salt which is thus 
formed is a biuaeclate of aJumina^J'uiixed with an equivalent of free 
acetic acid, since the li(juid bas a powerful odour of acetic acid: — 
AlA 3 SO3 + 3 (PbO, (\li3O3) + HO = 3 (PbO, SO3) + AI3O3, 
4 - HO, 

If a concentrated solution, containing from four to five per cent, 
of alumina, prcjiarc'd in the manner just directed, in such atomic 
proportions as to contain a teracedate of alumina, be purified from 
traces of lead by sulj)hurott('d hydrogen, and from those of sulphu- 
ric acad by acetate of baryta, a liquid is obtained wdiich when kept 
at bidwecu 60^ and 70° V. for a few days gradually deposits a 
white coating upon the sides of the vessel ; this de})osit when 
allowed to )>ecome dry spontaneously forms white hard plates re- 
sembling porcelain in appearance. This is a binaectate of alumina 
(AI3O3, 2 C^llyO.,, 5 A(j), wdiicli is insoluble in water, but soluble 
in nitric acid. If the original solution of the teracetatc of alumina 
be boiled, ft heavy white powder is rajiidly deposited, and the solu- 
tion retains scarcely a trace of alumina: Mr. Crum found this 
precipitate to be a difkrent hydrate of the binaectate of alumina 
(Ald)jj, 2 C4H3O3, 2 Aq). hen dilute solutions of the acetate of 
alumina are employed, no precipitate is occasioned unless a consi- 
derable excess of free acetic acid be added. When the solution 
• of the tcracetate is evaporated rapidly by spreading it in very thin 
films over a sheet of glass, the heat not being allowed to rise above 
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100° F., and the oily drops as they run together being constantly 
spread out with a thin platinum knife, a dry substance may be 
obtained in transparent scales (AI2O3, 2 C4H3O3, 4 Aq.), which may 
be redissolved easily and completely in water.* 

Many other acetates are also used as mordants in calico- 

printing ; for example, those of nianganese, zinc, and iron. Acetic 
acid dissolves iron readily with evolution of hydrogen ; the crude 
acetate of iron, prepared by dissolving iron hoops in raw wood 
vinegar, is employed for preserving wood by Bouchcric^s process 
(950). mhQ protacetate of iron crystallizes in silky needles, which 
rapidly absorb oxygen. The perucetate of iron is of a deep red 
colour. Acetic acid forms several compounds with lead — viz., the 

Neutral acetate . , . PbO, C4II3O3, 3 Aq 

Subscsquiacetate ... 3 PbO, 2 C1H3O3, Aq 

Tribasic acetate ... 3 PbO, (\H3O3, Aq 

Ilexacetate .... 6 PbO, O4H3O3, Aq. 

The neutral acetate and the tribasic acetate are important salts. 

The neutral acetate of lead may be procured by dissolving 

* From this oonipoiind, tlio remarlqiblc soluble, liydrate of alumina, pre- 
viously alluded to (5O5), may bo i)repar(‘d in the foilo\vin»r maniK'r : — If a 
dilute solution of this soluble biiuioetatc* of alumina, containing ^/roth 
of its weight of alumina, bo placed in a closed vessel which is imml'rsed in 
M'ator, mailitaincd at tluj boiling ]>oint, for about ten days, the solution gra- 
dually loses its astringent taste, and acciuires a strong odour of acetic acid. 
If tins liquid be now diluted with rather more iliaii an eipial bulk of water, 
and be boiled briskly in a shallow dish, the layer of liquid not bt'ing more 
tlian a quarter of an inch in depth, and water being supplied in proportion as 
it evaporates, the acetic acid may in abinit an hour and a half be driven off so 
as to be no longer sensible to litmus j»aper. Tbc liquid remains limpid and 
transparent, but is quite tasteless. AVlien i grain of sulphuric acid in 1000 
grains of water is mixed with 8000 grains of such a solution (a quantity which 
contains 20 grains of alumina), the whob* converted into a solid, transparent 
jelly : by pressure in aU)ag%tlie volume of this jelly may bo reduced to one- 
sixtictli of its original bulk, the solid coagulum retaining nearly the whole of 
the sulphuric acid, which amounts to about i equivalent of the acid to k; of 
alumina. One equivalent of the tribasic citric aiud jiroduces as powerful an 
effect in coagulating the solution as 3 equivalents of sulphurie acid, and i of 
tartaric acid as much as 2 (equivalents of sulphuric acid, but of liydrochloric 
and nitric acids not Jess than 300 equivalents are required to produce an ellect 
of coagulation equal to that occasioned by i equivalent of sulphurie acid. One 
grain of potash dtssolvcd in 1000 of water coagulates 9000 gr.iins of the solu- 
tion ; and soda, ammonia, and lime Lave an equally pow erful (jlfect. An excess 
of potash, as well as of sulphuric or hydrochloric acid, dissolves the coa^u- 
lum, converting the alumina into its ordinary modification. Solutions'^ of 
the sulphates coagulate the solution as readil^r a.s free sulphuric acid. 

Alumina, in this peculiar c()ndition,has lost its power of acting as a mordant. 

When the preijipitated binacetate of alumina is kept for an liour or two 
in 200 parts of boiling water with constant agitation, it becomes gradually 
dissolved, and may then by digestion be converted into free acetic acid, 
and the soluble hydrate of alumina. The soluble hydrate of alumina, when 
evaporated at 212°, retains 2 equivalents of water. 
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litharge in excess of acetic acid : by evaporating the solution the 
salt may be obtained crystallized in right rhombic prisms, which 
are sometimes opaque, but generally transparent : its more usual 
form, however, is that of a mass of confused minute white 
crystals, much resembling loaf sugar; it also has a sweetish 
metallic taste, and from this circumstance it derives its common 
name of sugar of lead : when exposed to the air it is efflorescent. 
It is soluble in less than twice its weight of water, and is also 
freely soluble in alcohol. When heated it first becomes anhydrous, 
and then fuses ^to a clear liquid. If the heat be raised further, 
acetone, C6ll(j02> formed, carbonic acid escapes, and the mass 
becomes solid. In this state it consists of subscsquiacetate of 
lead (3 PbO, 2 C^Il^Oj^, Aq) ; this salt is readily soluble both 
in alcohol and in w ater ; it has a distinct alkaline reaction, and 
crystallizes in pearly scales : the same salt may also be formed 
by adding three equivalents of the neutral acetate to a concentrated 
boiling solution of the tril)asic acetate of lead. 

Triacetate of lead (3 PbO, IIO), commonly known as 

Goulard’s Extract^ is prepared by digesting 7 parts of finely pow'- 
dered litharge with 6 parts of acetate of lead, dissolved in 30 
parts of water: it has a strongly alkaline reaction. It crystal- 
lizes in opaque needles. Payen obtained this salt in well-formed 
crystals, by adding a solution of ammonia to a hot solution of 
the neutral acetate containing about a foiirth of its weiglit of this 
salt. Triacetate of lead is insoluble in alcohol. Paper dipped in 
its aqueous solution and dried, when kindled burns like tinder. 
Solutions both of tliis and of the preceding salt are decomposed 
by carbonic acid ; neutral acetate of lead is left in the liquid ; and 
hydrated oxycarbonatc of lead is precipitated in silky, white, inso- 
luble crystals. This fact forms the basis of the methods for pre- 
paring whiU‘ lead (768). • ' * 

Oxide of copper also forms several compounds with acetic acid: — 

Neutral acetate, or verditer . CuO, C.1H3O3, Aq. 

Subscsquiacetate .... 3 CuO, % C4H3O3, 6 Aq. 

Diacetate or verdigris . . 2 CuO, 04X1303, 6 Aq. 

Triacetate 3 CuO, C4H3O3, 14 Aq. 

Neutral acetate of copp^'r is sold in commerce under the name 
of verditer. It is pr epared \x: mixing a solution of i equivalent of sul- 
phate of copper with an eqiiivalcnt of acetate of lead, also in solu- 
tion, and evaporating the clear liquid decanted from the sulphate of 
lead ; it yields oblique rhombic prisms of a fine green colour. By 
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exposure to the air these crystals become covered with an efflores- 
cence composed of diacetate of copper. If the acetate be crystal- 
lized from an acid solution below 40®, a blue salt is obtained with 5 
equivalents of water. 

The diacetate of copper ^ or verdigris (2 CuO, C.1TI3CJ3, 6 Aq). — 
For commercial purposes this compound is prepared by exposing 
sheets of copper piled up, with alternate layers of the fermenting 
husks of raisins : after a lapse of some weeks the plates of copper 
become covered with a crust of the salt ; this is detached, made 
into a thick paste with vinegar, and pressed int<* moulds. The 
mass thus obtained is of a bluish green colour, it is tough and 
is reduced to powder with difflculty. In this mode of preparing 
the salt, tlic alcohol contained in the grape skins becomes slowly 
oxidized and converted into acetic acid ; the metal also absoi!)s 
oxygen gradually from the air ; and the oxide thus formed com- 
bines with the acetic a(nd. 

Verdigris, when treated with water, is decomposed into an 
insoluble tribasic acetate of copper, and a soluble suhsesqniacetate 
('3CuO, 2C.1H3O3, 6Aq) : the >attcr salt may be obtained in crystals 
on evaporating the solution. 

The trilftisic acetate is the mo«t*stable of the acetates of copper ; 
it assumes the form cither of bluish gi’cy needles, or of a green 
crystalline powder: when heated to 212° it becomes anhydrous. 

The neutral acetate of copper unites with the arsenite of tliis 
metal, forming Sekwemfurth green, CuO, -f 3 (CuO, AsOy). 

It may be obtained by mingling boiling solutions of equal weights 
of arsenious acid and acetate of copper, and adding to the mixture 
an equal bulk of cold water : if it be allowed to stand for some 
days a beautiful crystalline green pigment is produced. 

The subacetate of mercury (Hg^O, 0^11303) is the least soluble 
of the acetates ; it -is* dissolved readily by boiling water, but it is 
partially decomposed by ebullition of the solution, and converted 
into a mixture of metallic mercury and a sparingly soluble basic 
acetate. The subacctate crystallizes in anhydrous silvery scales, 
which are quickly blackened by exposure to light. 

Acetate of silver is occasiomally employed as a reagent ; it is 
sparingly soluble in cold water, but is readily dissolved by hot 
water, which on cooling deposits it in thin, flexible, anhydrous, 
silky needles. It is readily obtained by mixing a concentrated 
solution of nitrate of silver with a solution of acetate of potash, 
or of soda. 

(1169/^5) The acetates arc distinguished by the pungent odour 
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of acetic acid vvliicli they emit when heated with sulphuric acid. 
AVhcii heated witli lime they yield acetone (1096)^ which has a 
peculiar and eluiractcristic odour ; when distilled with hydrate of 
potash they yield light carburetted hydrogen ; and upon this re- 
action tiic best method of obtaining marsh gas is founded (401). 

Cold solutions of ‘the acetates give with nitrate of suboxide of 
mercury, a precipitate of the subaeetatc. Anotlier character is 
the formation with oxide of lead of a soluble basic salt, with an 
alkaline reaction. 

(1 1 70) Chlorinated derivatives of acetic acid, — Acetic acid when 
acted on l)y chlorine forms two compounds, in which a portion of 
its hydrogen is displaced by chlorine, viz. : — 

Chloracctic acid HO, 

Trichloracetic acid . . . . HO, 0401303. 

Chloracctic Acid ( 110 , O4H2CIO3) is a colourless licpiid which 
has the odour of acetic acid. In order to obtain it, gaseous chlo- 
rine is made to act upon hydrated acetic acid, diluted with half 
its volume of water \ taking care to avoid exposing the mixture to 
the sillies rays. The gas is ti’ansmittcd until it gcases to be 
al)sorl)cd, even at a temperature of 212'’ : the excess of chlorine is 
then removed by means ol’ a curi’cut of carbonic acid gas, w hilst the 
liquid is still maintained at the boiling point. This acid forms definite 
salts, in which, wdien dilate, a solution of nitrate of silver occa- 
sions no precipitate. 

Trichloracetic Acid (HO, C4CI3O3) ; Sp. yr. of crystals 1*617 : 
of vapour 5*3. — This acid is usually prepared by exposing glacial 
acetic acid in large bottles, filled with gaseous chlorine, to the 
action of the sun : about one drachm of acetic acid should be 
used for t*ach gallon of chlorine. A couiplicatcd reaction ensues, 
in which, in addition to the trichloracetic acid, oxychloride of car- 
bon, and carbonic and oxalic acids are formed, mixed with an 
ethereal com])ound which contains chlorine. Tlic trichloracetic 
acid is deposited u[)on the sides of the vessel in white flocculi, 
which are veiy dclifp.u^scent. It is monobasic, and forms soluble 
salts, many of wdiicli may be obtained in crystals ; the chloracetates, 
when lieatcd, arc decomposed into oxychloride of carbon and 
carbonic oxide, leaving a residue of a metallic chloride. For 
example 

Chloracet. Poiaah. Oxychlor. Carbon* Carb. Oxide. 

KO, C4CI3O3 = KCl + 2 (C^) + 7 ^ 
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Trichloracetic acid is also produced by the oxidation of chloral 
by fuming nitric acid ; C4MCI3O2 4- Og becoming (HO, 040130*3), 
and this is one of the best modes of preparing it, since the excess 
of nitric acid is easily removed by distillation. After the nitric 
acid has been expelled, the residue is dissolved in water/ and crys- 
tallized by spontaneous evaporation over sulphuric acid, in vacuo, 
Ohloracetic acid is formed also by the simultaneous action of clilo- 
rine and water on protocliloride of* carbon ; O4CI4 + 4IIO + OI2 
= 3 HOI -f (HO, 0401y03) : it may likewise be procured by the 
decomposition of perchlorinatcd vinic ethers by wa^er. 

The monohydratc of this acid crystallizes in colourless rhom- 
bohedra, which Jirc fusible at 115°, and arc very deliquescent; the 
acid has a slight odour, and an acrid sour taste. It bleaches 
the tongue, and if applied to the skin raises blisters. It boils at 
about 392°, and may be distilled without decomposition, yieldim’* 
a suffocating vapour. 

Trichloracetic acid, when treated with an amalgam of potas- 
sium, yields chloride of potassium, and acetate of potash is re- 
produced : — 

Trichlorncetate Acetate 

of Cotash ofl’otaMh, 

HO, C.CIgOT + 6K + 4110 = KO, C4ll3O3 + 3KCl + 2 (K 0 ,II 0 ). 
(1171) Bulphacetic Acid SaO^). 

— Acetic acid combines with anhydrous sulphuric acid and Ibrms a 
dibasic acid, which may be obtained crystallized in deliquescent 
needles : it forms crystallizable salts. Tlic solution of this acid is 
not decomposed by ebullition : it gives no precipitate with salts of 
lead or of lime, but with baryta it foinus a crystalline compound 
of sparing solubility. Tlic sulpliacctatc of silver crystallizes 
readily in long flattened prisms. 

(1172) Thiacetic -Ackl^ (CiHiS^Oa = HS, C4H3O2S). — When 
monohydrated acetic acid is acted upon by the tcrsulphide of 
phosphorus (PS;,), or the pentasulpliidc (PS^), a colourless liquid 
is obtained which has a mingled odour of acetic acid and sulphuretted 
hydrogen; it boils at about 200°, and is miscible with water in all |)ro- 
portions. It has an acid reaction and a sour taste : when heated 
upon granulated zinc, the metal is dissolved with evolution of 
hydrogen ; when added to a strong solution of a soluble salt of lead, 
a sparingly soluble monobasic lead salt is precipitated, which readily 
♦ undergoes decomposition, even when dry; whilst sulphide of lead 
is separated. Thiacetic anhydride (CiHyOaS, C4H3O2S) is obtained 
by distilling pentasulphide of phosphorus with acetic anhydride. 
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It is a colourless oily liquid, which boils at 250°, and emits an 
odbur similar to that of its hydrate. It is heavier than water, 
which gradually decomposes it into a mixture of hydrated acetic 
and thiacctic acids. (Kckulc, Proceed. Roy. Soc., vol. vii. p. 37.) 

Thiacelic Anhydndo. Acetic Acid. Thiacctic Acid. 

(C^HA^TcVTAS) + 2 ho = (HO, CJIA) + (HS, C.H^O.S) 

This comj)()und is only ouc^of a scries which may be obtained 
by similar means from other acids homologous with the acetic : 
thifllbrinic acid (US, C2HO^S) has also been obtained. Thiacetic 
acid may be regarded as ordinary hydrated acetic acid in which 
th(i basic water has been displaced l)y sulphuretted hydrogen ; at 
the same time one of the equivalents of oxygen in the acid itself 
has been displaced by an equivalent of sulphur: — 

If acetic acid be represented as . . , C4II3O27P. 

II 

Thiacetic acid would be 041X302^ ^ 

II 

This confirms the view of (icrhardt that the radicle of the 
volatile fatty acids is to be regarded rather as (C,/ll„_i02) than as 
(C„H„_j) ; the radicle of acetic acid being (ClillyOl^ instead of 
(C4II3), for hitherto one equivalent only out of the three of oxygen 
prescjit has been displaced by chlorine, or by sulphur ; acetic 
oxychloride, for example, being C4II3O2CI (1097). 

(1173) ]'\)uwie Acid (HO, C2HO3). Sjk yr. of liquid 1*2227 
at 32°; of vapour 2* 1 25. — This acid derives its name from 
the circumstance of its having been first obtained from the 
formica rufuj or red ant, which when irritated ejects an acid 
liquid : the same acid is excreted by several other insects. It 
is also found in a free state in the leaves of the stinging-nCttle 
(firiiva uren>:). Formic acid, howev^er. '‘derives its importance 
from the vuru’ty of chemical reactions by wdiieh it is produced. 
It is a frequent product of the oxidation of organic bodies; those 
which belong to the amylaceous group yield it by various processes 
of oxidation ; such as by heating them with hydrate of potash, or 
with chromic acid, or with a mixture of sulphuric acid and 
peroxide of manganese. Gelatin and the albuminoid bodies also 
yield it, mixed wdth a variety of' other products, when they are 
submitted to the oxidiziv.^ induencc of chromic acid, or of a mixture 
of suli)huric acid and black oxide of manganese. 

Preparation . — The preparation of formic acid may be effected 
in the laboratory in several ways. 
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1. Bcrthelot has recently succeeded in procuring formic acid 
by acting upon moist hydrate of potash by means of carbonic 
oxide j the gas becomes slowly absorbed when exposed in contact 
with the moistened alkali to a temperature of 'i\% : — 

KO, HO + 2 CO = KO, C2HO3. 

Though the quantity of the acid obtained in this remarkable 
reaction is comparatively small, •yet its synthetic production in 
this manner is a highly interesting circumstance. 

2. Oxalic acid, when mixed with an equal bulk of sand tRnd 
distilled, may also be employed as a source of fomiic acid, whilst 
carbonic acid is expelled : — 

Oxalic Acid. Formic Acid. 

HO, CA = HO, CJ A + 2 CO,. 

In the ordinary mode of conducting this operation a large 
quantity of the formic acid is itself decomposed, owing to the 
high temperature required to effect the distillation ; water and 
carbonic oxide being the-rcsult of its decomposition : — 

IIO, CJIO, = 2 HO H- 2 CO. 

Berthelat has, however, succeeded in rendering this decom- 
position perfectly manageable in the following manner : — 

2 lb. of syrupy glycerin, and 4 or 5 ounces of water, arc placed 
in a retort into which 2 lb. of commercial oxalic acid have been 
introduced : a receiver is then adapted to the retort and the tem- 
perature is gradually raised to 212'’ or 220^ Brisk effervescence 
soon ensues owing to the escape of pui’c carbonic acid : in about 
fifteen hours the whole of the oxalic acid is decomposed; a 
small quantity of formic acid will be found condensed in the re- 
ceiver, but the greater portion remains in the rctoj’t. A pint of 
water is next added, to the contents of the retort, and the solution 
is distilled, adding fresh water as fast as it evaporates. When 
a gallon and a half or two gallons of water have thus been dis- 
tilled, the whole of the formic acid will have passed over. The 
glycerin which remains in the retort may be employed as before 
to decompose a fresh portion of oxalic acid, and the same series 
of operations may be repeated with the same quantity of glycerin 
for an indefinite number of times. Crystallized oxalic acid thus fur- 
nishes more than a third of its weight of jnonohydrated formic acid. 
This is the best and most productive process at present known 
for the preparation of formic acid. The principal precaution re- 
quired is not to allow the temperature to rise too high; if it 
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reach 360° or 390^ the formic acid itself is decomposed^ and an 

evolution of pure carbonic oxide takes place. This reaction may 
he taken advantage of in order to obtain pure oxide of carbon 
by means of oxalic acid. The glycerin acts in some manner 
unknown in favouring the decomposition of oxalic acid at a lower 
temperature than would occur if heat alone were employed to 
effect tlic metamorphosis : no chemical action, so far as is yet 
ascertained, takes place between the glycerin and any of the 
compounds concerned in the reaction {Ann. de Chimie, III. xlvi. 
484). A solution of mannite acts upon oxalic acid at 212®, in a 
-manner similar to one of glycerin. 

3. Formic acid may also be obtained by the oxidation of 
mctliylic alcohol under the influence of finely divided platinum : — 

Wood Spirit. Formic Acid. 

7yi,o7 +40 = (TlO, CallOgj -h 2 HO. 

The oxidation, however, is very liable to proceed too far, water and 
carbonic acid beving formed in large quantity : — 

110, C2HO3 4- 2 O == ‘ 2 CO2 4- 2 no. 

4. Tlic method which has generally been resorted to for 
the preparation of formic acid, is one distwered by Ddbereincr and 
modified by Liebig. This consists in mixing in a very capacious 
retort 1 part of staixdi,* 4 parts of dcutoxide of manganese, and 4 
of water ; 4 parts of sulphuric a(‘id arc then added by degrees, wdien 
the mixture froths up to 8 or io times its bulk, from the abundant 
extrication of carbonic acid. Wlien this has ceased, distillation is 
proceeded with, and an impure, dilute formic acid distils over. 
It is neutralized by carbonate of lead, and the formiate is purified by 
crystallization. When this salt is distilled with one equivalent of 
sulphuric acid, the pure monohydrated formic acid passes over. 

Properiics . — Monohydrated formic acid i^ a fuming liquid of 
an irritating odour. It is extremely cqrrosivc, and occasions vesi- 
cations and painful soi’cs if dropped upon the skin. Below 32 it 
crystallizes h\ brilliant scales, and boils at 22i®'5, yielding an inflam-. 
mable vapour wdiich burns with a blue flame. Formic acid yields 
two definite hydrates with water, HO, O2HO3 and HO, C2HO3, Aq. 

Gerhardt was unsuccessful in his attempts to procure the 
anhydride of formic acad. 


* Various other substaTiros, such as sugar, bran, sawdust, tartaric 
acid, may be substituted for starch in this operation with more or less 
efiect. 
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Formiates , — Formic acid is considered to be monobasic, but 
biformiates of potash and soda "may be obtained. All the formiates 
are soluble. Formiate of soda (NaO, C2HO3, 2 Aq) assumes the 
form of rhombic prisms, which are slightly deliquescent. For- 
miate of baryta crystallizes readily in brilliant anhydrous prisms. 
Formiate of lead requires about 40 parts of cold water for solu- 
tion ; but it is freely soluble in hot water, from which it crystal- 
lizes in long prismatic anhydrous*needles. If a current of sulphu- 
retted hydrogen be passed over this salt, while it is gently heated 
in a long tube, sulphide of lead is formed, and a monohydrate of 
the acid is liberated, and may be collected in a suitable receiver. A 
soluble tribasic formiate of lead may also be obtained. Formiate 
of copper (CuO, C2HO3, 4 Aq) crystallizes in large blue rhomboidal 
prisms \ it forms double salts with the formiates of baryta and 
strontia. 

Formic acid is easily reconverted into oxalic acid. If a mix- 
ture of formiate of soda and hydrate of baryta be heated, hydrogen 
, is evolved, and an oxalate of one of the bases is formed ; 2 equiva- 
lents of formic acid containing the clemdits of i equivalent of 
oxalic acid, and 2 equivalents of hydrogen : — 

Formic Acid. Oxalic Acid. 

, A- ^ ^ ^ A ^ 

2(110,02110.3) = 2HO,ca + ii2- 

By a stronger heat the oxalic acid is decomposed, and carbonic 
acid is formed. Chlorine converts formic acid entirely into hydro- 
chloric and carbonic acids. Nitric acid and other oxidizing agents 
convert it into carbonic acid and water. Formic acid is a powerful 
reducing agent, the free acid at a iioiling temperature reducing the 
salts of silver, of mercury, of gold, and of platinum, \rhilst pure 
carbonic acid is evolved. Its reducing action upon the compounds 
of platinum may sojnetimes serve aj» an indication of the presence 
of formic acid in' solution. The formiates are decomposed by 
strong sulphuric acid in excess, pure carbonic oxide and water 
being the sole products; IIO, €21103=2 CO + 2 HO. 

{b) Acids of the Oleic Series, HO, (C,JI,j_3) O3. 

(1174) The acids which belong to this group have been less 
perfectly studied than those of the foregoing one. Oleic acid is 
the most important member of this series. Owing to the facility 
with which these acids absorb oxygen,^ and the difficulty of puri- 
fying them from the results of this oxidation on account of their 
indisposition to crystallize, the investigation of these compounds is 

PART III. EE 
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attended with considerable difficulty. The higher terms of this 
series are decomposed, when they afe heated with a view to effect 
their distillation. 

The acids of this group are characterized by their tendency 
when gently* heated with hydrate of potash, to break up into 
acetic acid and a second acid of the stearic series, whilst hydrogen 
is liberated. Oleic acid in this manner yields acetic and palmitic 
acids : — 

Oleic Acid. Acetate of Potash. Palniitate of Potash. 

H0,C36H^3 + a,(KO,HO) =K0,C4H^+K0,C33H^3 + 2 H. 

Acrylic acid when similarly treated yields acetic and formic 
acids : — 

Acrylic Acid. Acetate of Potash. Fonniate of Potash. 

HO, Cei^ + 3 (K 0 , IIO) = KO, CJIgO^ + KO, C2HO7+ 2II. 

The acids of this group possess the remarkable property of being 
converted by peroxide of nitrogen into metameric acids, which re- 
quire a much higher temperature for their fusion than the oily acids 
from which they were obtained. These solid acids may be distilled 
unchanged. When those less fusible metameric acids are heated with 
hydrate of potash, they also undci^o decomposition into acetic acid, 
and another acid of the stearic series ; hydrogen being evolved, 
exactly as in the case of their more fusible metamerides. 

The following table contains the names of the acids of both 
isomeric series which are at present known. The formulje of some 
of the higher terms will probably be modified hereafter, and the 
number of equivalents of carbon will possibly in all these cases be 
found to be divisible by four : — 


Acids of the Oleic Series (HO, or O 4 ). 


Li(|uid Acids, 

Metameric solid Acids. 

Erucic 

Doeglic - 

Oleic - - 

Pliysetolcie 
Moringic - 

Acrylic - 

C»,H,404 

C„H„04 
C,H4 04 

Fusing 

point. 

Origin. 

1 

i 

: Elaidic 

1 

1 Angelic 

c.A ,04 

C„H.04 

Fusing 

point. 

Origin. 

93 " 

62° 

57 " 

32" 

( Mustard seed 
\ and rapesecd. 
i Tlje Dogling 

J whale. 

( Non-drying 

) ,rilS. 

SpA'ui whale. 
Oil of Ben. 

( Distiilation of 
( glycerin. 

113° 

" 3 ° 

( Action of 
] (NO4) on 
( oleic acid. 

f Angelica 
\ root. 
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(1175) It will not be necessary to describe any of these acids 
in detail except the oleic : — 

I. Erucic acid is extracted from the oil of the white and 
black mustard seed, and from colza oil. It is liquid ,at tempera- 
tures above 93°. 

Doeglic acid is extracted by Scharling from the oil of the 
Bal(Bna rostrata (in Danish, DogUng), a species of sperm whale. 
The composition of this oil is remarkable, since it does not furnish 
glycerin when saponified, but a compound, IIO, C24H25O, which 
corresponds in composition to lauric alcohol. The oil when dis- 
tilled gives no acrolein, showing the absence of glycerin. 

3. Physetoleic acid was obtained from the oil of the ordinary 
sperm whale {Physeter macrocephalm). 

4. Moringic acid is the liquid acid extracted from the oil 
of ben {Moringa apterd)\ it becomes . solid at 32°. Oil of ben, 
from its indisposition to become rancid, has been used as the 
basis of Macassar oil. 

5. Angelic acid (HO, CioHyOjj) is met with in the root of 
various kinds of angelica ; is also produced by the action of 
hydrate of potash, aided by a gentle heat, upon the oxidized prin- 
ciple in the essence of camomile 

Etis. Oainomile. Ang^clate of Potash, 

^ ^ — * - - ^ 

CioHsO^ + KO,HO = KO,CioH 703 ^H. 

This acid forms large, striated, colourless prisms, which fuse at 
113°; it boils at 374°, and may be distilled without under- 
going decomposition. It is sparingly soluble in cold water, but 
freely so in boiling water. When heated with hydrate of potash, 
it is decomposed with escape of hydrogen into acetate and pro- 
pionate of potash, ii^ accordance with the general mode of decom- 
position of the olei'c series. From its high fusing point, and from 
the possibility of distilling it without decomposition, it is, however, 
obvious that it does not belong to the oleic series, but probably 
to the elaidic group. 

6. Acrylic acid (HO, CQH3O3) is obtained by the oxidation of 
acrolein. This is best effected by digesting acrolein on oxide of 
silver in excess ; the pungent smell of acrolein disappears, and 
acrylate of silver is obtained in solution, whilst metallic silver is 
deposited, and water is eliminated : — • - 

Acrolein. Acrylate of Silver. 
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If the acrylate of silver be placed ^in a bulb tube, kept cool by 
immersion in ice, it may be decomposed by transmitting over it a 
very slow current of sulphuretted hydrogen ; sulphide of silver is 
formed, whilst hydrated acrylic acid is liberated; the latter may 
be distilled by a gentle heat. Acrylic acid has an agreeable acid 
odour and a burning taste. It requires a temperature below 32^° 
to freeze it. Its boiling point is above 2121°, and it may be dis- 
tilled unchanged. All its salts are soluble: the salt of silver is 
one of the most characteristic compounds of this acid ; it crystal- 
lizes in anhydrous silken needles, which much resemble the acetate 
of silver in appearance; it is sparingly soluble in cold water; 
boiling water decomposes it, and partially reduces the silver. Acry- 
late of silver may readily be formed from the crude products of the 
distillation of oils ; the distillate is rectified, and those portions which 
come over between 100° and 140° are collected separately; they are 
rectified anew from chloride of calcium, and are then digested on an 
excess of oxide of silver, returning the portions which distil, until 
the pungent odour of acrolein has disapj)eared ; water is next added, 
and the liquid is distilled to carry oft‘the volatile oils; after which 
the boiling liquid is filtered and set aside in a dark place to 
crystallize. Acrylate of aoda crystallizes with 5 Aq in efflorescent 
prisms which arc very soluble. Acrylate of baryta does not 
crystallize. 

(1176) Oleic Acid (liO, C36H33O3). — The isolation of this acid 
in a state of purity is a matter of some difficulty, owing to its ten- 
dency to combine with oxygen. Oleic acid is obtained in a crude 
form as a secondary product in the manufacture of stearin candles. 
In order to obtain the pure acid, Varrentrapp recommends that 
almond oil be saponified with potash or with soda, and that the soap 
be decomposed with hydrochloric acid. The mixed fatty acids are 
then to be digested with half their weight of finely powdered oxide 
of lead. On digesting the mixed salts of lead with twice their volume 
of ether for 24 lanars, the oleatc of lead is dissolved and separated 
from the other salts. The ethereal solution is then to be mixed 
with dilute hydrochloric acid, which decomposes the oleate ; the 
oily acid is dissolved by the ether and’ rises to the surface. The 
ether is to be expelled by lieat, and the acid is again to be converted 
into soap by the addition of au alkali ; after which it is separated 
from its aqueous solution by the addition of chloride of sodium, 
pressed, redissolved in water which has been boiled for some time 
to Qxpel the air, and finally decomposed by tartaric acid in vessels 
fiOlled tvith carbonic acid gas. The s(Sld thus obtained always has 
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a brown colour, owing to the action of atmospheric oxygen upon it. 
Gottlieb purified it by adding to the acid thus obtained a large 
excess of ammonia, and then precipitating it by means of chloride 
of barium : the oleate of baryta thus procured is dried and boiled 
with alcohol. During this operation the salt melts and forms a 
viscous liquid, but a portion of it is dissob ed and is deposited in 
crystalline plates as the liquid cools ; these are again crystallized 
from alcohol, and on decomposing them with tartaric acid pure 
oleic acid is obtained. The alcohol in the preceding operation 
retains the impurities which render the ordinary toleate of baryta 
so fusible : pure oleate of baryta is not fusible at 212°. 

Pure oleic acid, at temperatures above 57°, forms a colourless, 
limpid oil, without taste or smell ; it does not redden litmus even 
wlien dissolved in alcohol ; at 40° it concretes into a hard crystal- 
line mass, composed of fine needles. When solid it undergoes no 
change in the air, but when liquid it absorbs oxygen rapidly, 
acquiring a brown colour, a rancid odour, and an acid reaction 
upon litmus, its point of solidification gradually becoming lowered 
until it falls below 0 ° F. Oleic acid cannot be distilled without 
undergoing decomposition ; a large quantity of liquid and of 
gaseous hydrocarbons are given off tin the distillation, besides several 
acids of the series C,^I1„04, but the most characteristic product 
is sebacic acid (1179), the quantity of which, however, appears 
to dilninisli in proportion as the oleic acid has become more 
oxidized. 

Oleic acid forms two classes of salts, neutral and acid. The 
neutral salts of the alkalies arc the only soluble ones. They form 
soaps, and by the evaporation of their aqueous solution they may be 
obtained in the condition of an amorphous mass. Oleate of potash 
forms a soft soap,whic]i is the chief ingredient inNaples soap. Oleate 
of soda is a hard enters largely into the composition of 

Marseilles soap. The acid oleates of the alkalies are liquid and 
insoluble. The metallic oleates, such as those of copper and lead, 
are soluble in cold anhydrous alcohol and in ether ; they are thus 
separable from the stearates and palmitates, which are insoluble in 
these liquids. 

(1177) Action of Peroxide of Nitrogen and of Nitric Acid on 
Oleic Acid , — Oleic acid by exposure to peroxide of nitrogen 
becomes converted into a solid fatty acid, isomeric with oleic acid, 
which has been called elaidic add. In effecting this change an 
excess of the peroxide must be avoided, and the mass must be 
kept cool. The cause of this remarkable change is unknown, A 
small quantity of ammonia^Ss formed during the reaction, as well 
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as a portion of a neutral oily body. The quantity of peroxide 
of nitrogen required is very small, not exceeding irroth of the 
weight of the oleic acid. 

ElaicHc acid fuses at about 113°; it is very soluble in alcohol, 
from whicli it is deposited in beautiful pearly scales; it is less 
soluble in ether. Elaidic add may be distilled in great part 
without alteration ; but when fused with hydrate of potash it 
yields palmitic and acetic acid, like oleic acid. 

Wlicn oleic acid is subjected in a capacious retort to the action 
of a large excess, of nitric acid of sp, gr. 1*42 diluted with an equal 
bulk of water, it gradually disappears, producing a copious evo- 
lution of nitrous fumes, attended with a violent reaction. The 
results of the decomposition are very complicated, but the products 
obtained by this method of oxidizing oleic aeid present consider- 
able interest, since they contain, according to Redtenbacher, all the 
terms of the homologous series of the volatile acids (C^H^OJ from 
the acetic to the capric acid inclusive, these acids being found 
in tlie distillate ; whilst according to Laurent (Ann. de Chimie, II. 
Ixvi. 134)., four fixed acids are left in tli/i retort, and these form conti- 
guous terms of a group of homologous dibasic acids of the formula 
gi, HO, (C„II„_4) Og. The quantity of the volatile acids is greater 
when the nitric acid used is very concentrated; if it be more 
dilute, that of the fixed acids is increased. The fixed acids which 
remain in the retort, are the following : — 

Suberic acid . a HO, CieHjgOg 

Pimdic acid 2 HO, CiiHujOg 

Adipic acid 2 HO, C12H8 Og 

Lipic acid 2 HO, CigHg Og ? 

It is interesting to remark tliat another acid of this group — viz., 
the sebacic acid (% HO, CgoHigOg) is a characteristic product of the 
distillation of oleic acid ; and succinic aciVl (2 'HO, CgH^Og), which 
is one of the most frequent products of the action of nitric acid 
upon the serii^s of acids (C^jH^^Oj is the next term below the 
lipic acid. Some of the acids of this series will now be described. 

(c) Dibasic Acids of the Oxalic Series (2 HO, C^H,^Og). 

(1178) All the acids bdonging to this series possess a cousin 
derable volatility, and raav be partially sublimed without under- 
going decomposition ; they are soluble to a large extent in 
boiling water as well as in alcohol ; they are likewise soluble in 
ether, and may be obtained in crystals without difficulty. Ger- 
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hardt proposes to double the formula for oxalic acid, and to consi- 
der it as dibasic, as it possesses all the properties of this class of 
compounds. It would then form the lowest term in this groii^p. 
The following table contains the names of the acids'" which have 
been ascertained to belong to this series : — 


Acids. 

Formula. 

•Fusing point. 

Appearance. 

Sebacic . . 

Suberic 
rimelic . . 

Adipic . . 

Lipie ? . . . 

Succinic . . 

Oxalic . . . 

2 HO, 

2H0,C,JI,,0« 

2 HO, C„H,oO„ 

2 HO, 0 ,A ^6 

2 HO, Ojollg Og 

2 HO, C, H, 0 « 

2HO, Oe 

260° 

257“ 

2 . 37 ° 

266" 
about 290° 

.356“ 

1 Sublimes be- ) 

( fore fusing, j 

Tbin pearly plates. 

White crystalline powder. 
Hard granular crystals. 
Radiated tufts. 

Long plates, very soluble. 
Four-sided prisms. 

4-sided j)risms with 4 Aq. 


(1179) Sebacic Acid (a HO, CooUkjO^.). — T his acid is easily 
obtained by the distillation of oleic acid, and most of the fixed oils 
also yield it by distillation, owing to the decomposition of the 
olein which they contain :*the acid is accompanied in this opera- 
tion by various hydrocarbons, and by other volatile acids. It may 
likewise be readily obtained in large quantity from the fixed residue 
of the distillation of castor oil with hydrate of potash ; ricinolic acid 
yielding octylic (caprylic) alcohol, sebacic acid, and free hydrogen: — 

Ricinolic A(!id. Octylic Alcohol. Sebate of Potash. 

+ 2(KO, HO) ="0^^1^0,110 4- 2S), + 2 11 . 

The sebate of potash is dissolved in boiling water and decomposed 
by the addition of hydrochloric acid ; sebacic acid crystallizes in 
needles as the liquid cools. This acid is readily recognised by its 
ready solubility in boiling water, from which it crystallizes in 
pearly scales, as i\ is ’^ifjarly insoluble at ordinary temperatures. 
It fuses at 260°, and may be sublimed without decomposition, 
becoming condensed in needles which resemble those of benzoic 
acid. Its vapours have a greasy odour, and produce a very irri- 
tating eftect upon the lungs. Sebacic acid is very soluble in 
alcohol and in ether. 

Sebacic acid forms both acid and neutral salts. The sebates of 
the alkalies and of the earths are soluble, but the other sebates 
are nearly insoluble. The acid (a^HO, CigHj^Oe) intermediate 
between the sebacic and suberic in this series is not known. 

(1180) Suberic Acid (2 HO, CigHiaOe). — This compound was 
originally observed among the products of the oxidation of cork 
by nitric acid, and hence it derives its name (from, suber, cork). 
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Cork, however, yields it in but very small quantity, and even that 
quantity is probably owing to the presence of a small proportion 
of waxy matter. The acid is rather a frequent product of the 
oxidation of' the fats, and particularly of the stearic acid series. 
It is easily obtained by boiling stearic acid with nitric acid 
for some days ; upon concentrating the liquid it deposits crys- 
tals of suberic acid, mixed with a large quantity of succinic acid. 
The latter acid is easily removed by washing with cold water, and 
the sparingly soluble suberic acid is purified by crystallization from 
boiling water. It forms a white crystalline powder, destitute of 
odour, but having a slight acid taste, and feebly reddening litmus 
paper. It requires about loo times its weight of cold water for 
solution, but only twice its weight of boiling water. It is also 
soluble in alcohol and in ether. When heated it fuses at about 
257°, and creeps up the side of the vessel in which it is heated ; 
undergoing a sort of spurious sublimation at a high temperature. 
The subcrates of the alkalies and of the earths are soluble and 
crystallizable ; they yield with salts of, lead, silver, and zinc, white 
sparingly soluble precipitates. 

The three next terms of tlie scries — viz., the pimelic, adipic, 
and lipic acids, arc unimportant : they are formed along with 
suberic acid during the oxidation of oleic by nitric acid ; these 
acids may be crystallized without difficulty. 

(1181) Succinic Acid {% HO, 0^1140^,). — This acid, as its name 
implies, was originally obtained from amber [succinum), in which it 
exists ready formed. When amber is submitted to destructive 
distillation, a quantity of succinic acid passes over amongst other 
substances. It is, however, easily obtained artificially by acting 
upon stearic or palmitic acid with nitric acid. Succinic acid also 
occurs in the leaves of the wormwood and* in -'the resins of many 
of the pine tribe. It may likewise be obtained, by fermentation, 
from asjjaragin, and from malic acid (Dessaigiics), malate of 
lime yielding ne.arly one-third of its weight of it. In order 
to procure it from malic acid 3 lb. of crude malate of lime are to 
be diffused through a gallon of warm water, and four ounces of 
decayed cheese arc to be added to the mixture, which is to be 
kept at a temperature of 100° for about a week. Carbonic acid 
is disengaged, whilst a mixture of crystallized carbonate and succi- 
nate of lime is deposited, and acetate of lime remains in solution 
(Ilia). 

Malate of Lime. Succinate of Lime. Acetate of Lime. 

•3(3CaO,C,H.08)=2(2CaO.Cgn,63+CaO,^H367+CaO,COj+3COj+HO. 
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The deposited succinate of lime is to be collected upon a linen 
filter and washed with cold water, after which it may be decom- 
posed by hydrochloric acid, and the succinic acid purified by crys- 
tallization. The decomposition, however, is not always so simple as 
is represented in the foregoing equation. The formation of lactate 
of lime has often been observed to accompany the transformation 
of malic into succinic acid, and it frequently happens that a quan- 
tity of hydrogen is disengaged during the fermentation : when this 
occurs it indicates the formation of butyric acid, #^vhich is also ac- 
companied by a small quantity of an essential oil with an agree- 
able odour of apples. The relation of malic to lactic acid is very 
simple : — • 

Malic Acid. Lactic Acid. 

2 {2 HO, C8lf|03) = 2 HO, C12H10O10 4 “ 4 CO2 ; 

and the presence of lactic acid readily accounts for the formation 
of butyric acid (1164). An interesting relation also exists between 
butyric and succinic acids; ])utyric acid when treated with nitric 
acid being convertible by oxidation into the succinic : — 

Butyric Acid. » Succinic Acid, 

HO, + 60 = 2 HO, CylT A + 2 HO. 

Succinic acid crystallizes in large, regular rhombic tables 
which require five parts of cold and two of boiling water for 
solution. Alcohol dissolves it freely, but it is only sparingly 
soluble in ether. Succinic acid melts at a temperature of from 
347® to 356°, but if suddenly boated to 455^^ it melts, boils, and 
sublimes completely. During the sublimation the acid loses a 
portion of its water, and if distilled with anhydrous phosphoric 
acid the anhydrid^Wiay* be obtained without difficulty (CgHA)' 
Succinic anhydride is soluble in alcohol and in water ; its aqueous 
solution rapidly becomes converted into the ordinary hydrated 
acid. 

Succinic acid is a very stable compound. It may he boiled 
for many hours with strong nitric acid without undergoing decom- 
position, and its aqueous solution is not affected by chlorine, or 
by a mixture of chlorate of potash and hydrochloric acid. Suc- 
cinic acid forms three salts with potash : — a neutral delicjuescent 
salt (2 KO, CgHA, 4 Aq) ; an acid salt (KO, HO, CgH^Og, 4 Aq ; 
Bopping), which crystallizes in transparent efflorescent six-sided 
prisms, which are soluble in alcohol; and a remarkable super- 
acid salt [KO, 2 HO, 2 (CgH^Og) 3 Aq], which may also be 
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obtained free from its 3 equivalents of water of crystallization, 
by raising its temperature to 212'^ (Fcliling). Succirttite of 
ammonia (2 n4NO, CaH40(j) is sometimes employed to separate 
iron in perfectly neutral solutions from salts of nickel, cobalt, 
and manganese. A double succinate of magnesia and potash 
(MgO, KO, 5 Aq) majr be obtained in double six-sided 

pyramids, by allowing the two salts mixed in equivalent pro- 
portions to crystallize together. Succinic acid forms several 
nearly insolublci compounds with oxide of lead ; the neutral com- 
pound is white and crystalline 2 PbO, C8H4O6 ; another compound, 
3 PbO, C8H40e, is fusible in warm water ; and if either of the 
foregoing be digested with ammonia, a compound may be obtained 
with a still larger proportion of base. 

The succinates arc characterized by the bulky brown precipi- 
tates of persuccinate of iron, which they yield in neutral solutions 
of salts of the sesquioxide of iron. 

Succinic acid comliincs readily with anhydrous sulphuric acid, 
and forms a deliquescent crystallizablc compound acid, termed 
sulpho-succimc acid (3 110 , C^HgOg, 2 SO3, 2 Aq), which requires 3 
equivalents of base for its saturation. 

(1182) When anhydrous succinic acid is distilled with an 
equivalent quantity of pcrchloride of phosphorus, oxychloride of 
phosphorus passes over at first ; and at a more elevated tempera- 
ture succinic oxychloride (C^H^O/^lg) is obtained. This compound 
forms a colourless oil of high refracting power, and sp. gr. 1*39 : 
it boils at about 374*^, emitting a dense suffocating vapour, which 
in a very dilute form has an odour of wet ‘ straw. A damp 
atmosphere slowly converts it into crystallized succinic acid. It 
derives its principal importance from its affording an illustration of 
the characters and mode of prc^Kiration. 'bf W oxychloride of a 
dibasic acid : — 

Succinic Anliydride. Succinic Oxychloride, 

+ PCI5 = '^^i7 + PO2CI3. 

The acid which would have the composition 2HO, CgHgOgi in- 
termediate between the succinic and the oxalic is as yet unknown. 

§ IV. General Review of the Alcohols — Aromatic 
Alcohols— ‘Polyatomic Alcohols. 

(1183) General Summary of the Alcohol Groups , — Having now 
completed the description of the more important bodies connected 
with the series of alcohol and its homologous compounds, it may 
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be serviceable to take a general review of the connexion of these 
different compounds with each other. For this purpose the follow- 
ing table has been constructed ; it furnishes a synoptic view of the 
more important classes of heterologous derivatives from the alcohols. 
If space allowed us to map out the whole of the various derivatives 
of each alcohol in a table similar in principle to that given at 
pages ^2 and 33, each of the general formulae given in the second 
column of the present table would stand at the head of one 
of the columns of such a table. Each substance enumerated in this 
tabl(^ is^ therefore^ to be regarded as the representative of a homo- 
logous series of compounds like that of the fatty acids, or of the 
alcohols, in which each of the members differs from those which 
precede and follow it by (C2ll2)‘ 

It will be observed that the letters W, X, Y, and Z, are occa- 
sionally employed in the column headed General formulae — 

W indieates chlorine, or one of the halogens. 

X indicates an anliydrous monobasic acid. 

Y indicates an anhydrous dibasic acid. 

Z indicates an anhydrous tribasic acid. 

• 

n and m are in all cases supposed to be even numbers. It 
must be remembered that this table, extensive as it is, does not 
specify all the known heterologous derivatives of any single 
alcohol. The different forms of the phosphorus bases are not men- 
tioned, because they arc represented by the formulae of those of 
ammonium, from which they differ in containing an equivalent of 
phosphorus in the place of one of nitrogen. Of the homologucs of 
urea two distinct scries arc known, the first of which 

corresponds to etliyl-uren. . . 113(04115) NgCgOg 

and the s'^tonci to diethyl-urea H2((v4ll5)2N2C202 

though the former series only is indicated in the table. The zinc 
radicle again represents other metallic compounds, such as those 
containing cadmium, which are formed upon the same type. The 
various arsenio-compounds are also representatives of the antimony 
series, which are not mentioned in the table ; the arsenical com- 
pounds likewise are representatives of the compounds which contain, 
bismuth in the place of arsenic. Again, the stanno-radicles, them- 
selves a numerous group, are only indicated by a single formula ; 
whilst the compounds of lead and of mercury correspond to one 
or other of the different forms of the stanno-radicle. 
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Heterologous Series derived from the Alcohols. 



Kame of the Berios an d 

G eneral Formula. 

Examples. 

J. 

Electro -positite radicle 

**% 

2(C»/1 T?i+|) 

(C„U,,+„OwHjn+,) 

Ethyl .... 


2. 

DouLle nadi'de . . • 

Ethyl-tetryl , , 


3- 

Alcohol 


Alcohol .... 

C4H„H,0g 

4* 

Simple ether , . . 

2(CJl„+,)0, 

Etliylic ether . . 


5. 

Double ether . , . 

(U„U„+„(3»lJ»+,)0, 

Ethyl -aiuy lie ether 


6. 

Hydracid ether . . 


lly<lrochloric ether 


7. 

SuljiJiureited ether 

2(C„H„4.,) Sg 

Hydrosuljihuiic ) 
other . . . \ 

C,H„C,H„S. 

8. 

IJisuIpluiretted ether . 

2(ChH,h ,) S4 
(C„H„.,,H) 

Bisulphide of ethyl 

CJ1„C,H„S, 

9- 

JVlcrc.'ipt{in .... 

Ethyl-mercaptan . 


10. 

Cumpouud ether (mo- ) 
iiobasic) . . . ji 

(C,1I,,.,,)0,X 

Acetic ether . . 

C,I1.0,C*H,0, 

II. 

Compound ether (di- ) 
basic) . . . . ) 

^(CJI»+,)Og,Y 

0xali(3 ether 

!!(C,II.)0.,CA 

I 2. 

Viiiic acid .... 

110,(C„lI,.+»)0, T 

Sulphethylic acid . 

I10,C,H,0,Sg0e 

13. 

Salt of vinic acid . . 

M0,(C,II,+,)0,Y 

Sulpholhylaie of ) 
potiish . . . j 

K0,C,H,0,Sg0e 

14. 

Compound ether (tri- | 
basic;) . \ 


Citric ether . ■ . 

3(C,H,)0„C..H.0„ 

15- 

Cyanide, or nitrile . . 


Hydrocyanic ether ) 
(ju'opio-iiiljilel j 

C,H„CyorCAN 

16. 

"Amide bases . . 

.) N 

litiiylia .... 

Hg,C,H„N 

«7- 

Imide bases .... 

11, 2(t.\,lI,n,)N 

^Dietliylia . . . 

ll,2(0.,igN 

l(S.- 

Nitrile bases . . , 


Tricthylia . . . 

3(^4 H.s)N 

rc;. 

t.)xide of ammoniuiii ) 
base (hydrated) . j 

4,0„II„,-,)NO,TT() 

Oxid<* of Tetrothy- ) 
lium (liydraied) jj 

4((;,h,)N’o,ho 

70. 

llomolo^mcs of urea . 

ri„ (Ojb.^.,)N,CgO, 

Ethyl -urea . 


71. 

Ziuc-radiede .... 


Zinc-etliyl . . . 

22. 

"Diarscnio-radiole , . 

Ak2((^,11,,^0 

Kakodyl . . . 

As/2(4yg 

23- 

Oxide of dijirsciiiu- / 
radicle . . , j 

Ak 2(C,^H„+,)0 

Oxide of kakodyi 

As,2(Cgll3)0 

2^. 

Acid of diarseuio- ( 
radicle. . . . j 

HO,As 2(CJI,„.)0, 

Kakodylic acid 

liO,As 2 ((\HoO„ 


Triarsenio-Kadicle . . 

» 1) 

Triarsenethyl . 

As3(C,H,) 

26. 

Oxide of triarseuio- ) 
radicle . . , . j 

As3(0,ll;,n)0g 

O.vide of triarsen- ) 
ethyl . . . ) 

As3(04Hj)Og 

n- 

1 

Hydrat-cid oxide of te- \ 
trarsenio-i’adicle . ) 

As4(C„ri„.„)0,H0 

Hydrated oxide of ) 
tetrarsenetbyiium \ 

As4(C,Hg)0,lI0 

28. 

Stanno-radicles . . . 

X8n.r(C„TI,,.,) 

Bistannethyl . . 

2Sn, 2(0, H5) 

29. 

Homologiies of marsh ) 
gas ( 


Hydride of ethyl 

. ' L 

Olefiant gas . . 

c,n,,ii 

30. 

noilloloi;ues of olcfi- 1 
.ant gas. 

(C«1I»- ,)H 

CJJ3,H 

.31. 

Aldehyds ..... 

(C,H„_,)1I,0, 

Acetic aldehyd . . 


32. 

Vidatile Acids . . . 

JIO,(CJVj)Os 

Actftic {wjid. . . 

H0,CJl303 

.33- 

Ketones . . . , . 

<'«llw08 

Acetone .... 

C„H«Og 

‘34* 

Dibasic acids . . . 

-ID b (ChHj}_^)05 

Succinic acid . . 

2H0,CgH^03 

.3.^ 

Monobasic anhydrides . 

2(L„H 

AceVu’ oiihydride . 

04H,03,CJI«03 

3^. 

Compou nd anhydrides 

C „ H , { >j„ C^„Hj>_|0 J 

Benxo-acetic do. . 

^^4H,0„C„H303 

.37- 

Dibasic anhydrides . . 


j Succinic anhydride 

CgH.O* 


Monobasic oxychlo- ) 
rides . . . . j 

C„II„..,t)^Cl 

1 Acetjc oxychloride 

C.HgOgCl 

^9- 

Dibasic oxychlorides , 

c„H„-,o.ei, 

Succinic oxychlo- ) 
ride . . . j 

C«H,OA 

40. 

Base with electro-ne- ) 
gative radicle . . ) 

Hg(0„H^,)N 

Acetylia .... 


41. 

Hydrated oxide of 





ammonium base of 1 
electro-negative ra- [ 
dicle . , . . J 

H3(C„H„-,)N0,H0. 

Hydrated oxide of ) 
aoetylium , . ) 

H3<C4H,)K0,H0 
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(1184) Groups Isologous with the Alcohols and their Deriva^ 
lives , — The jDrogress of research into the products of the deeom- 
position of organic compounds, is gradually disclosing the existence 
of a number of groups which bear a close relationship to that of 
the alcohols, already examined : this relationship, howcA^er, is not 
one of. homology; for if the new alcohols were homologous with 
those previously known, they would themselves be members of 
the group to which these bodies iD^long. 

The groups of which we are now speaking are isologous with 
the alcohols — that is to say, that the compounds jwhich constitute 
each of these groups arc related to each other in a manner similar 
to that of the components of the alcohol group with which they are 
compared. For example, a class of compounds is known to the 
chemist, derived from oil of garlic, and constituting what has 
been termed the ally lie series. Another class, related to the 
fragrant acid contained in gum benzoin, is known as the benzoic 
series ; and a third class related to oil of cinnamon, has been 
termed the cinnamic scries. Now, upon comparing together the 
relations of the different heterologous compounds composing each 
of these three groups, it has been found that certain of them 
bear to each, other, relations similar to those observed between the 
heterologous compounds derived from alcohol :-^ For example, in 
each of the groups just mentioned there is a compound indi- 
cated as the alcohol of the series : there is another which contains 
two equivalents of hydrogen less than this body ; it has the power 
of forming a crystalline compound with bisulphite of potash, and 
corresponds in properties with the aldehyds. It has further been 
observed that these new aldehyds by combining with two additional 
equivalents of oxygen furnish volatile acids, the normal hydrates 
of which contain four equivalents of oxygon, and correspond to 
the series of volat^’e i’ltty acitls. The alcohols of these three 
groups are not homologous with ethyl ic alcoho^ for the semi- 
molecule of allyl (the hydrocarbon of the allylic scries, correspond- 
ing to ethyl), contains one equivalent of hydrogen less than the 
number of equivalents of carbon, whereas the semi-molecule of ethyl 
contains one equivalent of hydrogen more than the number of 
equivalents of carbon. The semi-molecule of the hydrocarbon 
of the benzoic scries, contains seven equivalents of hydrogen less 
than the number of equivalents of carbon ; and in the cinnamic 
hydrocarbon the disproportion is still greater, the number of equi- 
valents of hydrogen falling short by nine, of that of the propor- 
tion of carbon. Yet, all these bodies in their derivatives present 
an analogy with the corresponding derivatives of alcohol. The 
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allylic, the benzoic, and the cinnamic series, are isologous with 
that of alcohol. 

In the benzoic series the existence of three homologous terms 
is already indicated more or less fully, namely the benzoic, the 
toluic, and* the cuminic series. In the allylic and cinnamic group 
only a single series is in each case as yet known ; but it can 
scarcely be doubted that other homologous series of each of these 
varieties of alcohols will be found. 

The following table will serve to elucidate the general rela- 
tions of these gi;oups to each other ; and it will also indicate the 
analogy of the compounds which they form with corresponding 
compounds in the comprehensive family to which ethylic alcohol 
belongs 

Isologous Groups. 
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Each of these groups contains a well-known essential oil. We 
shall therefore postpone the consideration of the other derivatives 
of these various alcohols, until the general properties of the 
essences come to be considered. 

The following chapter will be devoted to the description of the 
more important essences, as well as of their most interesting 
derivatives. Before passing to the consideration of these bodies it 
will, however, be necessary to alluc[p to another class of alcohols, 
which may be termed polybasic or polyatomic alcohols, 

(1184 bis) Polyatomic Alcohols . — In describing the properties 
and derivatives of glycerin (1147 etseq), allusion has already been 
made to the existence of other bodies which possess the properties 
of alcohols, but which combine with more than one equivalent of 
acid, the neutral fats being substances which may be regarded as the 
ethers of a ter atomic alcohol, glycerin. Wurtz {Cornptes Reft d us, 
July, 1856) has recently discovered a new body, which he terms 
glycol, intermediate in properties between glycerin and alcohol, 
and which possesses the properties of a hiatomic alcohol. This 
substance is derived indirectly from olefiant gas ; and there 
can be no question that the hydrocarbons homologous with 
olefiant gas will, before long, assume a much more important posi- 
tion in the theory of organic chemistry than has hitherto been 
assigned to them. 

A paper by Mr. Buff, communicated to the Royal Society by 
Dr. Hofmann {Proceedings Roy. Soc., viii. 188), contains some im- 
portant observations on the derivatives of olefiant gas. There are, 
it must be remarked, two classes of hydrocarbons which yield 
uniatomic alcohol radicles ; one of these is homologous with 
ethyl, and is represented by the formula ; this class 

has been long known and extensively investigated. The second 
series has only recently attracted the notice of chemists ; it is ho- 
mologous with ally]' (Ceitg), and is represented by the formula 
Allyl is the only member of this series which has 
been carefully examined. 

These two groups of hydrocarbons are intimately related to 
each other, and, probably, the members of the la^tter series will 
hereafter be obtained from the former, by a general method ana- 
logous to that by which Berthelot and De Luca have succeeded 
in obtaining allyl from glycerin (1242), 

Now, intermediate between these twp groups is a third, which 
has already been long recognised, viz. the group of the hydrocarbons 
which are homologous with olefiant gas, represented by the general 
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formida (C2^H2J ; and which, it may be remarked, would be pro- 
duced by the combination of thp corresponding terms of the two 
groups previously alluded to, = C2nH2,j. It is 

only recently that these hydrocarbons have been regarded as 
radicles ; yet they are undoubtedly compounds of this nature, but 
they differ essentially from the radicles of the two other groups, 
inasmuch as their molecules are hiatomic, or are capable of dis- 
placing two equivalents of hydrogen ; whilst the radicles, typified 
by ethyl and allyl are uniatomic, and only represent one equiva- 
lent of hydrogen. 

We have alvcady examined the nature of Dutch liquid (400), 
a compound the molecular composition of which was then indicated 
by the formula (C4ll3CbHCl) : the view thus* represented har- 
monises well wutli the decompositions which Dutch liquid expe- 
riences when treated with potash ; but the compound may also be 
regarded as the result of a combination of the diatomic radicle 
(C4H4) with two equivalents of chlorine, thus (C4H4)"Cl2, and as 
such it may be termed bichloride of ethylene ; iiie biatomic eha- 
racter of ethylene (C4H4) being indicated here by the notation 
( " ) affixed to the radicle.* Bromine and iodine also combine 
with olefiant gas, and form corresponding compounds Brg ; 

and (C4H4)" I3. 

(1185) Ghjcol [C,H«0, = (C,IIJ" O2, — 'When binio- 

dide of ethylene (0411412) is triturated with anhydrous acetate of 
silver, in the proportion of ten parts or one equivalent of the former 
to twelve parts or two equivalents of the latter, and the mixture 
is introduced into a flask, a brisk reaction speedily begins to take 
place ; the tcmpeiuturc rises, and the mass becomes yellow, owing 
to the formation of iodide of silver; while carbonic acid and 
olefiant gas, the result of a secondary decomposition, are evolved 
in abundance. Wurtz recommends that the materials be mixed 
in quantities of 350 grains of the biniodide of ethylene, and 180 
grains of the acetate of silver ; and as soon as the reaction has 
terminated, fresh portions are to be added until 1500 or aooo 
grains of the biniodide have been employed. The product of this 
reaction is then to be submitted to distillation, and the portions 
which distil over between 3:^0’’ and 39:^® are to be collected 

* Occasionally w e shall find it convenient to indicate the biatomic eha- 
racter of a group by the marks ("). or teratomic character by the marks 
though in most instances these marks .will be omitted. 
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separately, and rectified from litharge. By repeating the distilla- 
tion and collecting the product ‘in separate portions, a liquid is at 
length obtained which boils at 365°, and may be distilled without 
undergoing decomposition. This liquid is the hinacetate of glycol^ 
and if the secondary products of the reaction be neglec'led, its for- 
mation may be thus represented : — 

Biniodide of 

Ethylene. Acetate of Silver. Binacetate of Glycol. 

C4H4I2 + 2(AgO, C4H3OJ = 2AgI + (04114)02, 2 C4H3O3. 


Binacetate of glycol is a colourless neutral liguid, which emits 
a faint acetic odour when heated. It is heavier than water, in 
which it is but slightly soluble : alcohol dissolves it freely. 

Bibenzoate of glycol appears to be formed when biiiiodidc of 
ethylene is acted upon by anhydrous benzoate of silver, and 
other salts of silver likewise attack the biniodidc of ethylene with 
facility, so that various compound glycolic ethers may be obtained 
without difficulty. 

Wlicn binacetate of glycol is digested upon powdered hydrate 
of potash, an energetic action speedily commences ; but the 
mixture must be maintained at a temperature of about 360'’ for a 
few hours, in order that the decomposition may be com2)lete : if 
it be then submitted to distillation, glycol passes over, and may 
be purified by fractionated distillation. 

Glycol is a colourless, slightly viscous liquid, with a sweet 
taste. It boils at about 383®, and may be distilled unal- 
tered : its vapour is inflammable. It is soluble in water, and in 
alcohol, in all proportions. It diflers in composition, frohi ordi- 
nary alcohol by containing two equiA^alents more of oxygen. It 
is evidently a biatomic alcohol, the radicle of which is capable of 


supplying the place of two equivalents of hydrogen. Wurtz re- 
presents the base ac itylia (C^^IlgN ; 1069) as ammonia, containing 
one equivalent of the dibasic radicle ethylene (C^IIJ" in place of 
two equivalents of hydrogen, and it is obvious that acetylia may 


C,H3 

be viewed, either as H 
H 


N, or as 


(C.H,) 

H 



There can be little doubt but that glycol is the type of a new 
class of homologous alcohols, each of which will form the start- 
ing point of numerous scries of collateral derivatives. Indica- 
tions of the formation of tritylic glycol, and of an acetin derived 
from ethylic glycerin, have already been obtained. 

PAllT 111. F F 
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The relations of the uuiatomic, biatomic, and teratomic alcohols 
to water may be thns^ exemplified : — 


Uniat omic Alcohols. 

Biatomic Glycols. 

Teratomic Glycerins, 

r V 

Type . H 1 O 2 

Type. 

Type. 

ICf hylic Alcohol. 

Gjvool. 

Ethylio Glycerin (?) 

CJI, ) 0 


| 0 , 

Tritv lie Alcohol. 

Triiylio Glycol (?) 

Ordinary Glycerin. 


' |o. ' 

Ha 


CHAPTER VII. 

ESSENTIAL OILS AND KESINS. 

§ I. Essential Oils. 

(118 5 his) The odoiitfeuoits princijdo of most plants resides in 
certain compounds consisting chic'Hy of carbon and hydrogen ; and 
although the boiling-point of tliese bodies lies considerably above 
212 °, they emit at ordinary temperature's minute quantities of an 
intensely odorous vapour. They have a certain resemblance to 
tlic fixed oils in their inflammability, sparing solubility in water, 
and ready solubility in alcohol and in ether ; as well as in the pro- 
duction of a greasy stain when dropped upon paper, though this mark 
is only transie nt ; and they feel harsh instead of unctuous when 
rubbed upon the skin : from the points of their similarity to the 
oil'«4, anti from the fact of their constituting in many cases the 
distinctive (*omj)ound of the plant which yields them, they arc 
termed essettiial or volatile oils. 

The proflnction of the essential oils is not limited to iiny par- 
ticular portion of the vegetable organism. In some natural 
families, as for instance, in the Umbelliferce^ the oil is most 
abundantly contained in the seeds. The Auraniiacem yield two 
different kinds of essential oil, one of which is obtained from 
the flower, and the other froni the rind of the fruit. The 
Myrtacece and the habiatb* supjdy it from the leaves, whilst the 
Rosave<B contain it only in the petals of the flower. 

Generally speaking, the oils appear to exist ready formed 
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in the plant, being Enclosed in little sacculi, which are often 
visible to the naked eye, as ‘in the leaves of the Myrtacemy 
and the peel of the Aurantiaceee, In a few cases, such as those 
of the oils of bitter almonds and of mustard, they are pro- 
duced by a species of fermentation operating on a prificij^le con- 
tained in the cells of the seed ; this change does not commence until 
the seed has been crushed and mixed with water. A peculiar 
azotized body present in the sc^d is thus brought into contact 
under favourable circumstances with the compound which yields 
the oil, and the peculiar aroma of the essence is sj)cedily developed. 

The oils of lemon and of orange are ext racted by simple pressure 
of the rind of the fruit ; but the general process of extraction con- 
sists in placing the appropriate portions of the plant in a still, with 
w^ater, and applying heat ; in order to prevent the vegetable mate- 
rials from being over-hcated by resting against the sides of th'O 
still, which would give to the distillate a disagreeable odour, it is 
customary to suspend them in a net or perforated metallic vessel 
in the upper part of the still. A better method of obtaining the 
essence is to allow steam to pass over the plant, and to condense 
the vapour afterwards in the usual way. The presence of steam 
favours the volatilization of the oils at a comparatively low 
temperature, for it mechanically carries over the vaj)our : the 
distillate is at first milky, but the greater portion of the essence 
separates from the milky liquid on standing. The water which 
is condensed in the receiver with the oil acquires the odour and 
taste of the essence; such waters constitute the fragrant distilled 
waters of the apothecary : by a second distillation, these waters 
are freed from some impurities which arc mechanically car- 
ried over, and which would cause the liquid to become mouldy 
and would destroy its fragrance. A small portion only of the 
essential oil is retaJ led in solution in the distilled water, and the 
greater portion of the oil which is thus retained may be sepa- 
^rated by saturating the liquid with chloride of sodium; the 
essence on standing rises to the surface. It may also be re- 
moved by agitating the distilled water with ether, which dissolves 
the oil ; and on expelling the ether from the layer which sex)arates 
on standing, the pure oil is procured. In some cases where the 
essence becomes altered dmdng the act of distillation, the fragrance 
of the plant is obtained and concentrated by dissolving it in a 
fixed oil, which is itSelf destitute of ddour, such as oil of poppy 
seeds. The leaves of the flower are in such instances sx)read in thin 
layers upon woollen cloths saturated with the fixed oil, the cloths 

r j? 2 
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thus charged are then piled one upon another, and submitted to 
the action of a press. 

The essential oils vary in specific gravity, hut in general they 
are lighter than water. The oils are usually liquid at ordinary 
temperatures, hut oil of aniseed is solid at all temperatures 
below 6o°. If cooled slowly, many of them separate into a 
solid and a fluid portion, respectively termed stearopten and 
elmopten. This fact is readily Explained by the circumstance that 
most of the essential oils arc mixtures of two or more distinct 
chemical compounds which difler in volatility and fusibility ; one 
of these compounds generally contains no oxygen, whilst the others 
are often substances formed from it by oxidation. Of these the 
pure hydrocarbon is generally the more volatile ; it acts as a 
solvent to the oxidized compounds, which, by a depression of tem- 
perature, may frequently be separated from it in a crystallized form. 

Most of the essential oils have a yellowish colour, which deepens 
when exposed to the air ; during such exposure they absorb oxygen 
more or less rapidly, and arc thus graduall}^ converted into a solid, 
resinous, or camphreous mass. Those oils which absorb oxygen 
the most rapidly have in general the most powerful odour. This 
absorption of oxygen is sometiipes attended with a simultaneous 
extrication of carbonic acid and water : this occurs in the case of 
the oils of anise, and of lavender ; and in such instances the result- 
ing resinous mass is not a simple oxide of the hydrocarbon. 

The essential oils are insoluble in potash, and are not capable 
of saponification by treatment with alkalies : but if the oils be trans- 
mitted in the form of vapour over heated hydrate of potash, hydrogen 
is frequently disengaged, and the oil becomes oxidized, forming an 
organic acid which enters into combination with the potash. Oil 
of cinnamon may thus be converted into cinnamate of potash : — 

Oil 'f Ciimariion. Ciunamaie bf Pot^ftsh. 

Cigll.O, + KO, HO = KO, CibH^s + a H. 

♦ 

Chlorine, iodine, and bromine act upon most of the essential oils, and 
form compounds in which a certain number of equivalents of these 
elements displace a corresponding number of equivalents of hydrogen. 
Nitric acid oxidizes most of the essential oils wdth great violence. 

The essences may be arranged under three principal divisions, 
viz. ; — A, Pure hydrocarboii> ; /#. Oxidized essences ; C. Sulphu- 
retted essences. 

The pure hydrocarbons are generally lighter than water ; the 
other two varieties often have a specific gravity greater than, 
that of water. 
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The essences which belong to the first class always occur in a 
state of admixture with a larger or smaller proportion of an 
oxidized compound. 

(A,) Pure Hydrocarbons, 

(ii86) The group of chemical compounds formed by the 
essential oils which contain no oxygen presents many interesting 
features : sixteen or twenty of •these subsfanccs are isomeric. 
These isomeric bodies may be subdivided into two metameric 
classes ; in one of which the molecule is represented by CaoHje ; 
to which class oil of turpentine belongs ; in the* other, the mole- 
cule of the oil, like that of essence of cubebs, is represented by 
C3QH2.J,. The members of each of these groups, notwithstanding 
the diversity of their odour and taste, are strictly metameric ; 
equal weights yielding exactly equal volumes of vapour. The 
first of these groups, the members of which are termed terebenes 
or camjihogens, is the more numerous and important. Many cha- 
racters, both chemical and physical, are common to all the members 
of the group : for example, they have a specific gravity in the liquid 
form closely approacliing to o‘86o ; and the boiling-point, though 
subject to greater variations, in most instances is very near 320®. 

Many of the terebenes cannot lie distinguished from each other 
except by their action upon polarized light ; some varieties of oil 
of turpentine, for example, cause left-handed rotation of a ray of 
polarized light ; oil of lemons produces rotation to the right hand ; 
whilst other oils are destitute of rotatory action upon the plane of 
polarization. A slight change in the molecular arrangement of the 
constituent particles of these bodies modifies their action upon polar- 
ized light, for it has been found that oil of turpentine by peculiar 
treatment at a high tempcratm’e may be deprived of its rotatory 
power, although it n'taii.s its usual chemical properties (1189). 

The terebenes rapidly absorb dry hydrochloric acid gas, and 
yield compounds termed artificial camphors ; some of thes^odies 
crystallize, and in appearance and properties much resemble 
natural camphor ; while others of the oils form combinations with 
the acid equally definite, but which retain the liquid form. Oil 
of turpentine and oil of lemons both form solid compounds with 
hydrochloric acid as well as liquid ones ; but the oils of black 
pepper and of bergamotte form only liquid compounds : — 

Artifioial Camphors. • 

From oil of turpentine 7 1* j C PCl 

From oil of lemons . .) \ CgoH^j, 2 HCl 

From oil of black pepper") .. . , C5(C2oHi6) 8 HCl 

From oil of bergamotte ) 13(^20^16) HCl, HO. 
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Analogous compounds with the other hydracids, such as the 
hydrobromic^ and the hydriodic, may also be obtained. 

Another remarkable feature of the terebenes is the power 
which they possess of combining with water, and thus forming 
solid volatile crystalline substances which have a still closer analogy 
to camj)hor both in composition and properties than the hydro- 
chloric compounds. • Mere contact of the oil with water, or with 
alcoliol slightly acidulated with nitric acid, in most instances gives 
rise to these compounds ; oil of turpentine furnishing not fewer than 
three such hydrates, viz. ; terpme (C2()Hi6, 4 HO, % Aq) ; (C2oHie, 
4 IIO) ; and lerpinol, (CgoHj^., HO) ; the first two are solid, the last 
is liquid. Oil of lemons gives two such compounds, viz, ; (C2OH10, 
6 HO) and (CyoHi^, 4 HO) ; and oil of juniper one such hydrate 
(CaoHjg, 4 IIO) : the camphor of the Dryobalanops camphora^ or 
Borneo camphor, consists of ^ HO. 

AU these varieties of camphor when distilled with anhydrous 
phosphoric acid, lose their water, and yield hydrocarbons, having the 
composition CgoHift; ordinary camphor, 0201116^2^ when similarly 
treated, also gives a hydrocarbon ternmd cymole (C20H14). Indeed, 
the simple act of sublimation de])rives the camphor or solid hydrate 
(C2oH2e, 6 IIO) of the oils of turpentine, of lemon, and of berga- 
mottc of two equivalents of their water ; the sublimed camphor 
in each case being represented l)y the formula, C2()Hig, 4 HO. 

The terebenes when exposed to the air absorb oxygen ; they 
become brown and viscid ; and are ultimately converted into 
resins. In many instances this oxidation may be regarded as a 
simple substitution of oxygen for hydrogen, the number of equi- 
valents of oxygen absorbed corresponding exactly to the number 
of equivalents of hydrogen removed in the form of water, but in 
other cases this constitutes only the first stage of the process, and 
an additional quantity of oxygen combines with the newly formed 
oxide j a good example of the latter mode of oxidation is seen in 
the conversion of the liquid oil of lemons into the solid : — 
^ 2 (>HioH(. + Ojg = C 2 oHj()O 0 , O 4 , 4- 6 HO. 

(1187) Oil of Turfentine (CgoHj^j). &p, gr. of liquid 
of vapour 476. — ^A^arious species of i)inc, when wounded, pour out 
a semisolid resin, of which there juc different varieties : that 
obtained from the Fmus abies oimstitutes common turpentine ; that 
from the larch is known ar Venice turpentine ; and that from the 
Pistacia lentiscuB forms Chian turpentine. 

If the turpentine of the Pinus abies, or of the Pinus sytvestris, 
be distilled with water, it yields nearly one-fourth of its weight 
of essential oil : this oil passes over with the vapour of water as 
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a volatile, limpid, very inflammable liquid, of a penetrating well- 
known balsamic odour. The 'residue in the retort constitutes 
common rosin or colophony. Oil of turpentine boils at 320°, and 
may be distilled unchanged. It mixes freely with alcohol and ether, 
but not with water ; it dissolves the fixed and essentiaroils, and is 
largely used in the preparation of many kinds of varnish, since it 
readily dissolves the resins, and on volatilizing leaves them behind 
in the form of a transparent coating upon the surface of the 
objects to which it had been applied. Oil of turpentine dissolves 
sulphur and phosphorus with facility; it is also one of the best 
solvents for caoutchouc. Most of the enmphine sold in England 
produces a right-handed rotation, and is said to be furnished by 
the Pinus australis of tlie southern States of North America. 

Commercial oil of turpentine frequently consists of a mixture 
of several isomeric hydrocarbons, wdiich act difierently on poh rized 
light. The rotation occasioned by Bordeaux turpentine, which is 
produced chiefly from the Pinus marithna, is hift-handed, but the 
amount of the rotation varies in diftcreiit samples, according to 
the proportion in which the oils are mingled. According to 
Berthelot, if the oi'dinary Bordeaux turpentine be distilled in 
vacuo, after saturating the acids which it contains, a homogeneous 
hydrocarbon, terehenthene, (sp, gr, 0*864, 59 ”) is obtained. It 

boils between 318'' and 325°. It is endowed with left-handed 
rotatory action upon a polarized ray to a definite extent. 

(1188) Modificatums of Oil of Turpentine, — Beville {Ann, de 
Chimie, II. Ixxv. 37, and III. xxvii. 80) and Bertlielot {Ib,, III. 
xxxix. 5) have carefully studied the modifications of which oil of 
turpentine is susceptibh^ without undergoing any change in the 
proportion of its components. Some of these modifications retain 
their rotatory power upon polarized light, whilst others are inactive 
in this respect : — ; 

a. Active Modificatiom. — When English essence of turpentine 
is simply heated in a closed vessel to 460° or 480°, it becomes 
converted into a mixture of several compounds, which boil at 
different temperatures ; two of these, isoterebenthene and meiatere^ 
benthene, may be separated from each other by fractionated distil- 
lation. These modifications may be produced at a lower tempe- 
rature if the essence be heated with water, or with the chloride of 
calcium, of strontium, of zinc, or of ammonium. Fluoride of 
calcium, as well as many organic acids, such as the acetic, oxalic* 
and tartaric, also produces similar eflects. 

T. Isoterebenthene {Sp, gr. 0*843, 71"*).— This is a colour, 

less liquid having an odour of stale lemons. It boils at about 350°. 
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It exerts a left-handed rotation upon polarized light, but the in- 
tensity of this power appears to' vary with the duration and 
intensity of the heat to which it has been exposed. It may be 
made to yield a crystalline hydrate, and a solid hydrochlorate. 

2. Methterebenthene [Sp, gr, 0*913, at 68°). — This body forms 
at least oiic-tliircl of the entire quantity of the essence submitted 
to heat ; it constitutes the residue left in the retort after all the 
matters volatile below 660° have^been expelled. It may be vola- 
tilized without decomposition at a temperature somewhat beyond 
this. It is a viscous yellowish body, possessed of a strong dis- 
agreeable odour, and a tendency to rapid oxidation. It exerts 
a left-handed rotatory power upon polarized light. 

Intermediate between these two bodies are other isomeric 
compounds, of intermediate boiling-points ; but they have not 
been specially examined. 

b. Inactive Modifications , — Besides these modifications which 
retain their rotatory power, four other forms of the essence have 
been procured, which exert no action upon polarized light. These 
substances arc : — 

1. Terebcnc 3. Camphilene or dad^l 

2. Colophenc ' 4. Tercbilenc or pcucyl. 

The first two have been obtained by acting upon oil of turpentine 
with sulphuric acid ; the last two by decomposing artificial 
camphor by means of quicklime (1189). 

In order to procure terebene and colophenc, Deville mixes oil 
of turpentine with about /,)tli of its weight of oil of vitriol, in a 
flask which is artificially cooled. * After brisk agitation, the mix- 
ture becomes viscous and of a dark red colour. It must be left 
at rest for twenty-four hours, during which time it separates into 
two layers, the lower one being nearly black and strongly acid. 
The clear liquid is then to be decanted and gently heated : 
bubbles of sulphurous acid escape, and the colour gradually dis- 
appears, whilst the liquid becomes converted into a mixture of 
terebene and colophcne. Upon subjecting the mixture to distil- 
lation, terebene passes over in the first portions, and when recti- 
fied from a fresh portion of oil of vitriol, is obtained in a state 
of purity. The last portions of the distillate consist of colophenc. 

Terebene has a charavacristic odour, resembling that of oil of 
thyme. It boils at the same temperature as the unmodified 
essence of turpentine, yielding a vapour of the same density, but 
it is less prone to oxidation. It combines with hydrochloric acid^ 
and forms a liquid compound, 2 (CgoHie) HCh 
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Colophene (Sp, gr, of liquid 0*940) yields a vapour, the density 
of which is twice as great as *that of tercbene, with which it is 
polymeric. It absorbs hydrochloric acid, and forms with it a 
compound of the colour of indigo. In order to obtain colophene 
in a state of purity, it must be rectified from an|[alloy ot^ potassium 
and antimony (703). Colophene may also be produced by the dis- 
tillation of colophony, from which it derives its name. When 
viewed by direct light it is colourless, but it exhibits the fluorescent 
character in so marked a degree, that in particular directions it 
appears of a deep indigo blue. It is slightly yscous, and boils 
between 590° and 600°. 

(1189) Artificial Camphors, and Oils obtained from them, — It 
has already been stated that essence of turpentine combines with 
hydrochloric acid, with which it may be made to form two com- 
pounds, C20H16, 2 HCl ; and CaoHif,, IICI. 

The first of these bodies may be obtained by allowing the 
essence of turpentine to remain for some weeks in contact with an 
excess of a solution of concentrated hydrochloric acid. It forms 
flattened rectangular prismas, which have an aromatic odour 
resembling that of oil of thyme. It is fusible at th°, and is 
decomposed by distillation. 

The second compound (CgoHiR, HCl) is obtained by trans- 
mitting dry hydrocliloric acid gas into the artificirflly cooled 
essence of turpentine so long as it is absorbed. As soon as 
this absorption ceases, the compound must be submitted to 
the action of a freezing mixture of snow and salt, by which 
it is separated into two portions, one of which crystallizes, 
whilst the other remains liquid, even at 0° F. The production 
of the liquid compound is favoured by elevation of temperature ; 
if the temperature of the essence be raised to 212® during the 
absorption of the 1\. drCohloric acid, the liquid compound only is 
formed. Both the solid and the liquid portion are found, on 
analysis, to possess the same composition (CgoHig, HCl). The 
solid body has been termed hydrochlorate of camphene or of dadyl. 
It crystallizes in white prisms, which have an aromatic smell and 
taste, resembling that of ordinary camphor. It is insoluble in 
w^ater; alcohol dissolves one-third of its weight of it. This arti- 
ficial camphor melts at 239®, and boils at 329®, at the same time 
undergoing partial decomposition. 

Camphene, Camphilene or Dadyl, — if the vapour of this hydro- 
chloric compound be transmitted over heated quicklime, it is 
decomposed, chloride of calcium and water are formed, and a 
body termed camphilene (Deville), having the composition of oil 
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of turpentine, is liberated ; this body may again be combined 
with hydrochloric acid, in which case the solid artificial camphor 
is reproduced. Camphilenc boils at 273°. It is entirely devoid 
of the power of rotation upon a ray of polarized light. 

The liquid hydrochloratc has been termed hydrochlorate of 
peucyl : it is somewhat viscous, and has a sp. gr. of 1*017. If 
it be distilled with quicklime, terebilene (Deville), another hydro- 
carbon isomeric with essence ot turpentine, comes over ; it pos- 
sesses no rotatory power upon polarized light. When again com- 
bined with hydrochloric acid, it furnishes a liquid uncrystallizable 
compound. 

Oil of turpentine is not the only one of these essential oils or 
hydrocarbons wdiich exhibits this remarkable facility of assuming 
diflerent isomeric states under the influence of heat and of acids. 
Oil of lemons produces an analogous, though diflerent series of 
modified products, and most probably the greater number of 
the essential oils, which arc isomeric with oil of turpentine, would 
be found to furnish like results when subjected to similar treat- 
ment. 

Hydrates of Oil of Turpentme, — ^IMention has been already 
made (1186) of the power wdiicli oil of turpentine possesses of 
slowly combining with water, and forming crystalline compounds. 
One of these, (C2oni6j ^ HO) may be obtained in the form of 
rhomboidal prisms, by agitating together frequently, for two or 
three days, a mixture of 4 measures of oil 0/ turpentine, i of 
nitrie acid, sp. gr. 1*36, and 3 of alcohol, sp. gr. 0*840. In the 
course of a month or six weeks, especially if it be exposed to the 
sun^s rays, voluminous crystals are formed. This hydrate is 
soluble in 22 parts of boiling water, from which it crystallizes on 
cooling. It is also freely soluble in alcohol, ether, oil of turpentine, 
and acetic acrid. When sublimed it loses 2 eJquivalents of water, 
and is convc rted into the hydrate with 4 HO. 

The hydrate (CaoIlK., 4 HO) may also be procured when oil 
of turpentine and water arc brought into contact, especially if the 
temperature be maintained at about 1 20® : the crystals of this 
substance fuse at 302'^, and boil at 482°. It may be sublimed 
without being decomposed, and yields a vapour of the sp. gr. 6*257. 
When exposed to the air it absorbs water, and becomes reconverted 
into the hydrate with 6 iip. 

A third hydrate, termed terpinol (C^oHie, HO, Sp, gr. 0*852), 
which is liquid at ordinary temperatures, may be obtained by dis- 
solving cither of the preceding hydrates in boiling water, adding 
a little hydrochloric or sulphuric acid, and distilling. Terpinol 
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passes over as an oily liquid, with an odour like that of hyacinths. 
It boils at 334°. 

(1189 bis) Products of the Oxidation of Oil of Turpentine , — 
Besides the resins which are formed by the spontaneous oxidation 
of essence of turpentine, various compounds may be obtained from 
it by artificial processes of oxidation. 

When the essence is distilled with bichromate of potash and 
sulphuric acid, formic acid is produced abundantly. If it be dis- 
tilled with water and clilonde of limc„ a copious extrication of 
carbonic acid takes place with tumultuous violence, and chloro- 
form is found in the products of the distillation. Chlorine acts 
violently upon oil of tiir[)cntinc, the reaction being often attended 
with sufficient heat to inflame the mixture. 

If oil of turpentine be heated gently with oxide of lead, it ab- 
sorbs oxygen rapidly, and becomes converted into formic and teref inic 
acids, which enter into combination with the oxide of lead ; — 

OilofTurp. Teretinic Acid. Formic Acid. 

+ O,, = Ci«lli,Oio + HO, C, 110 ,. 

• 

Teretinic acid is soluble in alcohol, from which it may be obtained 
crystallized in tufts of delicate colourless needles : it is insoluble 
in water. Most of the compounds of this acid with tlie metallic 
oxides are insoluble in water, l)ut soluble in alcohol. 

If a few tcaspoonsful of essence of turpentine be introduced 
into a jar nearly filled with oxygen gas, standing over water, and 
exposed to the rays of the sun, the interior of the jar speedily 
becomes coated with brilliant crystals of hydrated oxide of tur- 
pentine (C.2oHi«02, 2 HO). Tliis substance may be dissolved in 
alcohol, from which it may be obtained in crystals. It is also 
soluble in ether and in boiling water. 

Nitric acid a<i?Ls violently upon oil of turpentine ; the t^vo 
liquids must, therefore, be mixed very cautiously. As the result 
of the action, a yellow resin is formed, and a quantity of oxalic 
and terebic acid (1253), besides three other acids, one of which is 
fusible and may be sublimed ; it is termed terebenzic acid (HO, 
C14H6O3). The second is isomeric with phthalic acid, and is 
hence termed terephthalic acid (HO, CallgOy) ; it is insoluble in 
water, alcohol, and ether. The third is termed terechrysic acid 
(HO, CgHjO^) in allusion to its yellow colour; it is very soluble 
in water, and is not susceptible of crystallization. 

(1190) Other Essences which yield oils isomeric with Oil of 
Turpentine, — The following are some of the principal essences 
which arc metamcric or isomeric with oil of turpentine : — 
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I. Oil of Bergamotte {Sp,gr. 0.869), which is obtained from the 
rind of the ripe fruit of the bergamotte or lime, consists of two 
portions, viz., a hydrocarbon (CaoHig), and a solid substance 
(C3oHi()Oi())i which may be supposed to be formed from the liquid 
essence by oxidation, 3 (CgoHig) -1-048 = 2 (CgoHioOio) + 28 HO. 

а. Oil of Lemons also contains a solid oxidized essence in small 

quantity (C30H10O20), but the bulk of the oil consists of a hydro- 
carbon which may be ootained in a state of jnirity by 

distilling the crude essence^. This hydrocarbon is susceptible of a 
variety of modifications, analogous to those which may be produced 
in oil of turpentine. The essential oil from the rind of the 
orange appears to be identical with the essence of lemons. 

3. Oil of Neroli is the fragrant oil obtained from the blossoms 
of the orange tree. It is colourless when recently distilled, but 
becomes red by exposure to light, or by admixture with sulphuric 
acid. This oil also consists of a hydrocarbon C2OH10, and of an 
oxidized portion wliich is solid and destitute of odour, the fragrance 
of the oil being due to the hydrocarbon. 

4. Tlic oil of the common birch, M hich is used in the prepara- 

tion of Ilussia leather, to which it imparts its agreeable odour, is 
obtained from the tar furnished by the imperfect combustion of 
the bark of the tree. It consists of a mixture of several oils, 
amongst M'hich the principal is the hydrocarbon which may 

be isolated by repeated fractionated distillation. 

5. Essence of Camomile : of this there are two varieties, one 
of which is obtained from the Anthemis nobilis ; it is of a greenish 
colour, and consists of a hydrocarbon (CgoHie), a^id an oxidized 
portion (CioHsO^ I*), which when heated with hydrate of potash is 
converted into aiigclate of potash (KO, CioH703), with evolution of 
hydrogen (1173). The second variety is obtained from the Ma^ 
tricaria chamomilla. It is remarkable for -its d\2cp blue colour: it 
contains an oxidized oil (C20II10O2), which has the composition of 
laurel cam})hor. It may be distilled without change, and remains 
liquid below 32°. 

The oil of the Achillea millefolkim is also distinguished by its 
beautiful blue colour, but it has not been minutely examined. 

б. Essence of Juniper boils at 320°. It produces left-handed 
rotation on a ray of polarized light, and if left in contact with 
water gradually deposit® a w hite crystalline hydrate (CaoHi^, 2 SO). 

(1191) 7. Oil of Carraway {^p,gr. 0*938) is obtained from the 
seeds of Wi^Carum carvi; it consists of two portions; the hydrocarbon 
(CgoHie) has been termed carvene ; the oxidized portion is known as 
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carvole. Carvene is a yciy fluid, colourless oil, ligliter than water, 
with a slight agreeable odour* and an aromatic taste; it absorbs 
hydrochloric acid gas, and forms with it a crystallizable solid which 
melts at 123®. Carvole, C20H14O2, is a liquid of sp. gr^ 0.953° > 
boils at about 437° (Voelckel). It yields a liquid camphor 
(C20H14O2 HCl) with hydrochloric acid. With sulphuretted hydro- 
gen carvole yields a compound termed hydromlphate of carvole 
(C20H14O2, HS) : this substance fe obtained by agitating the less 
volatile portion of oil of carraway wdth an equal bulk of alcohol 
recently saturated with ammonia and sulphurcttc^l hydrogen; it is 
deposited in yellowish crystals, which may be recrystallized from 
boiling alcohol; they may be volatilized without decomposition. 
If this compound be agitated with an alcoholic solution of potash 
it is decomposed, pure carvole is liberated and dissolved by the 
alcohol, and on the ad(]ition of water it rises to the surface in the 
form of an oily layer. 

(1192) 8. Oil of Cloves {Sp.gr, 1*055 — 1*060). — The berries of 
the pimento and the unexpanded buds of the Caryophyllm aroma- 
ticus or cloves, yield an gssential oil which is not solidified by 
a cold of o® F. It consists chiefly of a hydrocarbon isomeric with 
oil of txirpentinc, holding in solution an acid body termed eugenic 
acid (C2on]20i ^)* This acid forms a colourless liquid of sp. gr. 1*079, 
which emits the odour of oil of cloves. It boils at 469° (Ettling), and 
forms crystallizable salts with the alkalies. Two other crystal- 
lizablc substances arc obtained from oil of cloves ; one of them is 
named eugenin, and is said to be isomeric with eugenic acid. The 
other, termed caryophyllm^ C2„TIig02, is isomeric with ordinary 
camphor ; it is gradually deposited from the oil in crystalline 
needles. 

9. Oil of Ginger {Sp.gr. 0*893) is yellow, and intensely burning 
and aromatic. It oih , at about 47 5°. It appears to have the 
composition of a hydrate of a hydrocarbon isomeric with oil of 
turpentine, 4 (CgoHiJ 5 IIO. 

(1193) 10. Oil of Cubebs {Sp.gr. — When cubebs {Fq)er 

cubeba) are distilled with water, they furnish an essence which is 
colourless and somewhat viscous ; it has a camphreous, aromatic 
taste. It boils a little below 500®, and when distilled yields a 
hydrocarbon which furnishes a crystalline compound with hydro- 
chloric acid, consisting of (C30H24, 2 HCl). This substance fuses 
at 268°. When essence of cubebs is re-distilled with water, it 
deposits a species of camphor (C30H24, 2 HO), which melts at 154®, 
and may be distilled at 302° without decomposition. The essence 
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of cubebs, therefore, though isomeric with oil of turpentine, 
appears to contain the hydrocarbon in a more condensed form, 
viz., as (C30H24,). 

II. Essence of Capivi, {sp:gr. o‘878,) which is obtained by'dis- 
tilling balsam of capivi with water, appears to belong to the same 
class as that of cubebs. It boils at 500°, undergoing partial de- 
composition. It yields a crystalline compound with hydro- 
chloric acid (C30H24, 3 HCl). 

(1194) 12. Essence of Hops, — This essence is obtained by distil- 
ling dried liop copes with water. The oil when first obtained is of a 
beautiful green colour, but it is rendered colourless by rectifica- 
tion. It remains liquid at 2° F., and begins to boil at about 
284°, but the boiling-point rises rapidly till it exceeds 600°. Its 
odour somewhat resembles that of the hop. When exposed to the 
air it becomes converted into an acid resipous mass. Oil of hops 
is a mixture of the hydrocarbon C2oni6, with valerole (CjgHioOg). 
The hydrocarbon may be obtained in a pure form by allowing the 
oil to fall drop by drop upon hydrate of potash, when carbonate 
and valerate of potash arc formed : — ^ 

Valerdlc. Valprate of Potash. 

C, JltoOT-f 3(K0, HO) 4- 2 IK) = 2 (XO, CO,) -f -f 6 H. 

13. Essence of Valerian also consists of valerole and of a hydro- 
carbon CaoHie^ which is identical with borneene, the hydrocjirbon 
which accompanies Borneo camphor (1200). By distilling off the 
essence at a temperature of 392°, the borneene may be expelled. 
Valerole when exposed to a temperature of 32^" crystallizes in 
transparent prisms, which do not melt until heated to 68°. It 
gradually becomes oxidized by exposure to the air, and the dis- 
agreeable odour of valeric acid is developed. In its pure form its 
odour is but slight, resembling that of \\hj, tSulphurie acid dis- 
solves it, and forms a blood-red solution, which contains a colli- 
gated sulpho-aeid. 

(1195) 14. Oil of Thyme, — This consists of an oxidized por- 
tion, thymolCy and of a hydrocarbon, thymene. The latter consti- 
tutes the more volatile portion of the oil ; it has an agreeable 
odour of the plant : it boils at 3 and exerts no action on 
polarized light. Thy mole, C2olli4,02, is isomeric with cuminic 
alcohol; it has the agreeable odour of thyme, and constitutes 
about one-half of the essence of thyme. It is a solid which crys- 
tallizes in oblique rhombic prisms : it fuses at 111® and boils at 
446°, giving off a vapour of sp. gr. 5-51. It is very soluble in 
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alcohol and in ether. This substance is also contained in the oil 
of horse-mint {Monarda punctuta), and fti an Indian plants the 
Ptychotis ajowan. Thymole combines with sulphuric acid and forms 
a colligated acid, the sulphothymylic (HO, CgoHigO, SgOg), which 
is analogous to the sulphethylic. * 

According to Lalleraand, when thymole is treated with oxi- 
dizing agents such as chromic acid, or a mixture of peroxide of 
manganese and sulphuric acid,* it yields a substance termed 
thymoile (C24Hie04,),* which sublimes in brilliant orange-coloured 
quadrangular plates, of an aromatic odour and an appearance 
resembling that of kinone (i i %'])y with which it is homologous. If 
treated with sulphurous acid or other reducing agents, it combines 
with hydrogen and yields ikymoilole (CgiHigOJ, the homologue of 
hydrokinone ; and by mixing a solution of equal weights of thy- 
moile and thymoilole in boiling alcohol, the lic^uid immediately 
becomes of a deep red colour, and deposits beautiful violet-coloured 
prismatic crystals, which have a bronze lustre. These correspond 
to what has been termed green hydrokinone. 

(1196) Essences which contain other Hydrocarbons , — i. Oil 
of Peppermint, — This essence when distilled with anhydrous 
phosphoric acid, yields a hydrocarbon termed menthenCy 
The essence also appears to contain a solid hydrate of tliis com- 
pound (CaoHiy, 2 HO), which is analogous to camphor : this sub- 
stance may be obtained in crystals ; it fuses at 93° and boils at 
416®, emitting a vapour of sp. gr. 5*62. 

2. Essence of Cedar vmod is somewliat analogous in its nature 
to the foregoing oil. It consists of a crystallizable solid 
(C.J2H28O2) dissolved in a hydrocarbon (C33II2H), which has been 
termed cedrene, 

3. Attar of Roses consists also of two compounds, one of which 
has but little odoiir^: it.-pmuins solid at temperatures below 203*^, 
and boils at about 592“. It is polymeric with olefiant gas. The 
fragrant portion is liquid ; it contains oxygen, but its composition 
is not accurately known. 

The following table includes a list of the more important 
essences which contain unoxidized hydrocarbons : — 


* It is probable that the formula both of kinone and of thymoile should 
be represented as one-half of that given W Gerhardt and Lallemand ; so that 
thymoile should bo represented as CijHgOg, sfnee it is not easy to see how a 
body which, like thymol, contains in its molecule only 20 equivalents of 
carbon, should by oxidation yield a compound containing 24 equivalents of 
carbon. 



448 


Table of Essential Oils not containing Oarygen, 





sp- gr. 

Boiling 

point 

Direc- 
tion of 
rotaiiou. 

Compound 

Bemarks. 


OUb. 

Formula. 

Liquid. 

Vapour. 

with HCl. 

.3 

"Tereben- ) 
thene ) 

OjoHie 

0*864 

4 * 8 I 2 

318—325° 



Many of the oilsenu- 

1 

e 

Isoteie- 1 
beiitlieiie J 

it 

0-843 


.350 

al ove 
680“ 

left. 

solid. 

merate<^l in this 
table contain oxi- 


Metatere- 1 


0*913 




dized compounds 

0 

bentheiie J 

a 




in addition to the 

0 

Tore bene . 

it 

0*86 


320 

none. 

liquid. 

hydrocarbon, — as 

S 

Terebilene 

)) 

0.843 

4-767 

273 

none. 

liquid. 

may be seen be- 

2 

Ph 

Camphi- ) 

■ lene . J 

a 

00 

d 

273 

none. 

solid. 

low. 


Bergaraotte 

a 

0.869 


361 

right. 


CgoHje & CgyHujOjQ 


Borneene 

it 


4*60 

320 

left. 

solid. 


Birch, \ 
(tar from 1 

a 

0-847 

5-28 

313 



( Consists of several 
( oils. 


bark) . ) 








Camomile 




.347 





Carraway 

it 

0-938 

5*17 

.343 

right. 

solid. 

C„H„ & C.„H„ 0 , 


Cloves 

it 

0*918 


289 


liquid. 

& C,^.,0. 


Elemi . . 

ti 

0*849 


345 

left. 

C solid & 
\ liquid. 


Hop . . 

a 




right. 




J uniper . 

it 

0*86 


320 

left. 

liquid. 


Lemons . 

a 

0*85 1 

4-87 

343 

right. 

j solid & 

( Contain also 


Orange . 

it 

0*83 

4-64 

.356 

right. 

j liquid. 

( ^ 80 ^ 10 ^ 10 , 


Parsley . 

a 



320 



Contains an oxide. 


Pe]>j)er 

a 

0*864 

4'73 

333 


liquid. 



Savirie . . 

}) 



320 





Tolu . . 

a 

0*837 


320 ; 





Thyme 

it 1 


4-76 

329 

1 none. 

liquid. 

CgoHjg & 


Valerian . 

. 

This liydrocarbon is BoruecDo . . . 

C,,H,, & C,gH,oOg 


Capivi. . 


oc 

cc 

b 


500 

left. 

solid. 

i 


Ciibebs . 

0*020 


490 

left. 

solid. 

C,oH„&C3oI1.„2HO 


Cedrene . 


0-984 

7*9 

458 

right. 


CagHgg & CggHggOg ^ 


Wcntliene 


0*851 

4’94 

,325 



From oil of peppermint. 


Colophene 

j 

0*040 


595 

none. 




Attar of ) 
Buses. ) 

C H 



59^ 





(B.) Oxidized Essences. 

(it 97) Several varieties of oxidized essential oils are known; 
viz. : — (a) Solid crystallized essences which have the composition 
of hydrates of a hydrocarbon ; these constitute the camphors, of 
which laurel camphor (C2oH,4, 2 HO) is the best illustration. 
(6) Indifferent oils, such as spearmint oil (CgoHgoOg). {c) Oils 
which resemble the aldehyds, such as oils of bitter almonds 
(C14H5O2, H), and of ciunamon (CigHyOg, H). [d) Compound 

ethers, such as oil of wiutergreen (salicylate of methyl, CaH30, 

CuHA). 

(1198) Camphob. — From the statements already given it is 
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clear that the camphors arc closely related to the different varieties 
of turpentine. Two species of camphor are known in the east, 
Borneo camphor and laurel camphor ; the one called Borneo cam- 
phor (C^oHigOa) is obtained from the Dryobalanops camphor a, and 
is so highly prized by the natives of the east that but ^little, of it 
finds its way into the European market. 

Laurel Camphor (CgoHjfjOjj) sp. gr, of solid 0*996 ; of vapour 
5’3 ^47* — constitutes the common camphor of the shops. The 
commercial supply is furnished by the Laurus caniphora^ but it is 
also produced in small quantity by many other plants, which 
appear to furnish it by the oxidation of their essential oils. This 
is easily understood, since the formula of this substance is the 
same as that of oil of turpentine, to which two equivalents of 
oxygen have been added. The oils of lavender, of rosemary, and 
of marjoram, and those of several of the lahiaUe^ such as the oils 
of pennyroyal and of spearmint, contain camphor in solution. 
Amber, and the oils of valerian, tansy, and sage also yield it when 
treated with nitric acid. 

Three isomeric modifications of camphor arc known; they 
cannot be distinguished from each other, except by their action 
upon a ray of polarized light : one of the varieties produces rota- 
tion of the ray to the right ; the second variety jiroduees left- 
handed rotation ; whilst the third variety has no sensible effect upon 
a polarized ray. The common camphor of the shops, and that 
obtained by the action of nitric acid upon bornebiie is the right- 
handed modification. The camphor contained in the oil Matri- 
caria partheuium exerts a left-handed rotatoiy action u[/'on a ray 
of polarized light (Cliaiitard) ; whilst, according to Biot, the carn- 
j)hor deposited by oil of lavender is destitute of any such rotatory 
effect upon a polarized ray. 

In the ordinarv oroness of extracting camphor, the wood and 
branches of the camphor laurel are chopped up, and placed with 
water in a rude kind of still, the head of which is filled with rice 
straw. On the a^iplication of heat the camphor rises in vapour with 
the water, and is condensed in the straw. It is then submitted to a’ 
second sublimation, by wdiich means it is obtained in the form of 
the crude, granular camphor of commerce. Tliis article is subse- 
quently refined in this country by placing charges of 10 lb. or 
lailb. of the crude camphor, in large globular glass flasks, fur- 
nished with a short wide neck : heat iS applied to the bottom of 
these flasks by means of a sand bath, and, as soon as the camphor 
is melted, a portion of lime is added to each flask, after which the 
PART ril. G G 
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heat is steadily maintained for forty-eight hours : during this 
period the camphor is slowly sublimed into the upper part of the 
flasks ; when the operation is finished, the flasks are eooled, and at 
the same time broken, by sprinkling them with cold water : the 
pure camphor can then be removed with facility. The produce of 
this operation assumes the form of white, tough, translucent 
masses. Camphor lias a peculiar odour and an aromatic taste, 
at first hot and afterwards cooling. It floats in water, and is 
sparingly soluble in this liquid ; but is dissolved freely by alcohol, 
ether, acetic acid, and the essential oils. Although pure camphor 
is tough and difficult to pulverize, yet if moistened with a few 
drops of alcohol it may be reduced to powder with facility. When 
particles of powdered camphor are thrown on water, each fragment 
begins to be dissolved with a remarkable and rapid gyratory motion, 
which is instantly cheeked by allowing a drop of any essential 
oil to fall upon the surface of the water. Camphor fuses at 347®, 
and boils at 399®. It is very inflammable, and burns with a white 
smoky flame. It becomes slowly volatilized at common tempera- 
tures, and if kc])t in glass bottles is gradually sublimed, and con- 
densed in octohedral crystals on the side of the vessel which is 
exposed to the light. If a coil of red-hot platinum wire be suspended 
just over a lump of camphor, the metal continues to glow, and 
produces a slow combustion of the camphor, which may be main- 
tained so long as any portion remains unconsumed. 

If camphor be heated under pressure with hydrate of potash, 
it combines with both the ])otash and the water ; a salt termed 
campholate of 'potash being formed ; — 

CHiuj)hor. Campholato of Potash. 

C^oH.A + KO, no = KO, C2 oHi7 ^ . 

When camphor is distilled with anhydrous phosphoric acid, or 
with dry tdiloride of zinc, it undergoes decomposition, and is 
deprived of the elements of water, whilst C'ymoJe is formed : — 

Camphor. Cymole. 

^ + C20H14. 

(1199) Camphoric Acid (:ilIO, C2oHi40g). — Camphor, when 
heated with ten times its weight of concentrated nitric acid, is 
slowly oxidized, and becomes converted into camphoric acid. This 
substance is sparingly soluble in water, but is freely dissolved *1by 
alcohol, as well as by ether and the essential oils. It is de- 
posited from its solutions in the form of prismatic neec^les, which 
have a very sour taste : they are destitute of odour, and are fusible 
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at 158®. Camphoric acid is dibasic; it may be rendered anhy- 
drous by sublimation. A sohition of camphoric acid produces a 
precipitate in a solution of neutral acetate of lead. 

It appears that three isomeric modifications of canjphoric acid 
exist : the compound just described is characterized by its power 
of producing right-handed rotation of a ray of polarized light; 
but, according to Chautard, the camphoric acid obtained by 
treating the camphor of the Matricaria parthenimn with nitric 
acid, exerts a left-handed rotatory action ; and if the right- 
handed and left-handed camphoric acids be ni^ed in equivalent 
proportions, a compound acid is obtained which, like racemic acid, is 
destitute of any rotatory action upon the plane of polarization : 
this mixed acid differs somewhat in chemical properties from either 
of its two components {Comptes Rendus, xxxvii. 166). 

(1200) Borneo Camphor (C2oHi8C)2)* — This substance differs 
from the preceding variety of camphor in containing two equiva- 
lents more of hydrogen. It is less fusible and volatile than com- 
mon camphor, but is denser and harder. It exerts a right-handed 
rotatory action upon polarizgd light, but its power in tliis respect is 
smaller than that of ordinary camphor, from which it can scaj’cely 
be distinguished in taste, smell, solubility, and general ap])earance. 
It crystallizes in small, transparent, regular, colourless, six-sided 
prisms, which melt at 388®, and enter into ebullition at 413®. 
If gently warmed with nitric acid of moderate sti’cngth, it 
loses two equivalents of hydrogen, and is converted into ordinary 
camphor. 

Borneo camphor occurs in the DryohalanojJSj in combination 
with an oil (OgoIIio) termed borneene, which has the composition 
of ordinary turpentirjc : the same hydrocarbon also occurs in the 
essential oil of valerian. In order to procure the camphor, 
punctures are mad* into the wood of the growing tree, and the 
oil which exudes is submitted to distillation : the borneene is 
volatilized, and an imperfect separation of the camphor and oil is 
thus effected. If borneene be repeatedly distilled with a solution 
of potash, it combines with two equivalents of water, and is 
converted into Borneo camphor. A similar conversion into the 
same camphor also occurs if the oil be dissolved in an equal bulk 
of an alcoholic solution of potash, and be left at rest in imper- 
fectly closed vessels for a few days ; on dilution with water the 
camphor is separated. Borneo camphof, if mixed with anhydrous 
phosphoric acid and distilled, loses two equivalents of water, and 
is reconverted into borneene. 
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Allusion has already been made to other camphors, such as — 
Cubebs camphor (1193) .... (C30H24, 2 HO) 

Turpentine camphor (1189) . . . (CaoHie, 4 HO) 

Peppermint camphor (1196) . . . (C20H18, 2 HO), 

and so on. These compounds, however, are of little importance. 

(1201) b. Indifferent essential Oils containing oxygen . — The pro- 
perties of many of these have been already mentioned when 
speaking of the hydrocarbons with which they are associated 
(1190—1196). 

1. Oil of Lar>ender gr. 0*898). — The exact composition of 
this fragrant and well-known oil has not been accurately ascer- 
tained. It is soluble in concentrated acetic acid : when long kept 
it deposits, a large proportion of laurel camphor. 

2. Oil of wormwood is isomeric with laurel camphor. 

Besides these, there are a great variety of essences which con- 
tain oxygen, but which have been hut imperfectly examined ; such, 
for instance, as the oils of cajeput, of dill, of marjoram, of penny- 
royal, of &age, of sassafras, and of many other plants. 

(1202) c. Oils analogous to the Aldehyds. — The oils of bitter 
almonds, of spinea, of cinnamon, and of cummin, are character- 
ized by forming crystallized compounds with bisulphite of soda, 
and, like the aldehyds of the series homologous with ordinary 
alcohol, they exhibit a strong tendency to form acids by the 
absorption of two equivalents of oxygen. The oils of this class, 
however, differ from the ordinary aldehyds in the facility with 
which they allow the displacement of one equivalent of the hy- 
drogen which they contain by an equivalent of chlorine, of sulphur, 
of cyanogen, and of various electro-negative elements. They 
have been Regarded as hydrides of peculiar oxidized radicles ; for 
example : — ^ 

Oil of hitter almonds C14H5 Og, H = Bz, II Hydride of benzoyl 

Oil oi (Mimmin . . CggHuOg, H = Cu, H Hydride of cumyl 

Oil of (dnnamon . . CigH^ Og, H = Ci, H Hydride of cinnamyl. 

In describing these oils it will be convenient to consider their 

most important derivatives, which are very numerous, and embrace 
compounds many of which present several points of interest. 

In this section the following compounds will be examined : — 

1. Essence of bitter almonds. — Benzoic series. — Hippuric acid. 

2 . Essence of cumimn. — Cuminic series. 

3. Essence of cinnamon. — Cinnamic series. — Coumarin. 

4. Essence of spiraea. — Salicylic series. — Salicin. 

5. Essence of aniseed. — ^Anisic scries. 
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I. Essence of Bitter Almonds, — Benzoic Series, 

(1203) The essence of bitter almonds is the most important 
member of the group of oxidized essential oils. It ^rmed the 
subject of a remarkable memoir by Liebig and Wohler {Ann, de 
Chimie, II. li. 273), in which they first systematically applied the 
theory of compound radicles to substances of organic origin. The 
publication of this paper cxercisefl an immediate and extraordinary 
influence ^upon the study of organic chemistry^ in which, indeed, 
it inaugurated a new era, and thus led to a, series of brilliant 
discoveries which followed in rap^ succession. 

The following compounds of the benzoic series will be briefly 
described, or the mode of their formation will be indicated ; — 

Amygdalin . . . (C10H27NO32, 6 Aq) 

Amygdalic acid . (HO C40H26O24) 


Hydride of benzoyl C14H5O3, H 

=BzH 

Nitro-benzoyl . Ci4H502,N04 

=:BzNO, 

Chloride of benzoyl C14H5O2, Cl 

=BzCl 


|(C,.H,A,n+(ViA,ci=Bzii,B.ci 


Sulphide of benzoyl C14H5O2, S 
Bromide of do. . C14H5O2, Br 
Iodide of do. . . Ci4H502> I 

Cyanide of do. . Ci4lI-02, 
Formobenzoylic acid H0,Ci4ll602, C^IIOg 


Benzimide (hydride|p tt n 
ofcyano-benzoyl)3'"*«^^^«^2^* 

Benzoic acid . . HO, CUH5O3 

Benzoic anhydride . C14H6O3, Cj JI3O3 
Bcnzo-acetic anhy-") ri ir r» o tt r« 
dride . . . ( 

Sulphobenzoic acid a HO, CuH^Sp*. 
Nitrobenzoic acid . HO, C14H4NO4, O3 
Benzamic,oramido-') o tt tt -*.t /-v 

]H0,C,A,H.N,0. 


=BzS 
=BzBr 
= BzI 
= BzCy 

= HO, BzH, CallOs 
=^BzH,i(HO, BzO) 

= BzH, HCy 


=HO, BzO 
=BzO, BzO 

=:BzO, OthO 
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Benzamide . 

= h^n, Bz 

Benzanilide 

C12H5, HN, Ci 4H,0,= CiaHg, HN, Bz 

Hydrobenzamide . 


Dibenzoylimide 


Benzhydramide 

C4*H,8NaO, 

Benzoylic azotide , 

C 3 ()Hj 2 N 2 

Azobenzoyl 


Benzoic alcohol 

Ci 4 ll, 0 , HO 

Benzo-ethcr 

CUH7O, Ci4H,0 

Toluidine * 


Benzoinc 

= C28HHO4, H 

Benzile .... 

C28H10O4 

Bcnzilic acid 

110, CaJIxiOs = HO,C28 Hix04,0 

Chloride of benzile 

C 28 Hx, 04 C 1 = C28H1XO4, Cl 

Benzoinamide . 

^8411 8«^4 

Benzoinam . 

C 8 ell 24 N 202 


(1204) Amygclalin (C4()ll27N022, 6 Aq). — The pulp of the bitter 
almond contains a large portion of a bland^ nearly tasteless, 
colourless fixed oil which can be separated from it by pressure, 
and which is identical in properties with that furnished by the 
sweet almond ; but the kernel docs not contain any essential oil 
ready formed. As soon, however, as the pulp is bruised and 
moistened with water, the fragrant odour of the essence is per- 
ceived. Hiis development of the essential oil is due to the 
decomposition of amygdaliu, a crystallizable azotized principle 
which is contained in the kernel, in addition to the oily, starchy, 
saccharine, li^cous constituents of the seed. 

In order to extract the amygdaliii, the cake which remains 
after the i\xcA oil has been separated by e'xpresslon is broken into 
fragments, and digested with hot alcohol of sp. gr. 0*825. The 
solution must be filtered, and the alcohol distilled off ; the 
syrupy residue must then be diluted with w^ater, mixed with yeast, 
and set aside to ferment, in order to decompose the sugar ; and on 
filtering the liquid and evaporating, the amygdalin crystallizes in 
acicular tufts. It is very soluble in water, from which it is 
deposited in prisms with ^ equivalents of water. The whole of 
this water is expelled by a temperature below 250°. 

Amygdalin has a sweetish, somewhat bitter tadte, and is not 
poisonous. Its solution exerts a left-handed rotation upon a ray of 
polarized light. When it is treated with alkaline solutions, am- 
monia is expelled, and a new acid, the amygdalxc (HO, C^oHgeOgi,), 
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is found in the liquid ; this decomposition is analogous to that 
produced in asparagin under sihiilar circumstances : — 

Amygdalin. Amygdalaie of Potash. 

c 7 oH 2 ;N ^22 + KO, HO -f HO = mC^oHseO^ H3N. 

The most remarkable change, however, to which amygdalin is 
subject, is that which it undergoes when the bruised kernel in 
which it is contained is brought into contact with water. As 
soon as this is done, the peculiar and agreeable odour of bitter 
almonds is perceived ; in twenty four hours all traces of amyg- 
dalin will have disappeared, and in its place an csksential oil, hydro- 
cyanic acid, sugar, and formic acid, will be found. This singu- 
lar transformation is the result of a species of fermentation 
produced by the action of a peculiar azotised matter winch re- 
sembles the diastase of malt, to which the name synaptase, or 
emulsin, has been given. This ferment is contained both in the 
bitter and the sweet almond. Tf boiling water be poured upon 
the pulp, the synaptase is coagulated, and no formation of the 
essence ensues. In preparing the essence cold water should there- 
fore be employed, and the mixture should be allowed l^o stand for 
some hours before proceeding to distillation.* 

The change which occurs in amygdalin undor the influence of 
synaptase may be thus represented : — 

Araygdaliu. Essential Oil. Ilydroey, Acid. filuonsp. 

= 470 ^ 0 ^ 0 ?) + CjT) + C,,H^ 

Formie Aciil. 

+ 7(110,0,11(7) -f 6U0, 

100 parts of amygdalin yield about 41 of the essential oil, and 6 
of hydrocyanic acid. 

The proportion of hydrocyanic acid liberated by the reaction is 
perfectly definite,^ aiu^^ it has been proposed by Liebig and 
Wohler to take advantage of this fact in prescribing hydrocyanic 
acid medicinally. Amygdalin may be dissolved in water, and it may 


♦ Synaptase is a ferment which may be advantageously applied to many 
organic compounds in order to efiect their transformation into new products. 
It may be procured from the cake left after the expression of the oil of the 
sweet almond. This mass* must be diffused through ahuautity of pure water 
equal to about thrice its w eight ; the liquid must be strained through a 
cloth, and the undissolved portion submitted to pressure. The emulsion thus 
procured must be left for three or four days at a temperature of 70® or 80®, 
during which time it becomes separated info two layers ; the upper one con- 
sisting of a curd-like coagulum, and the lower one forming a clear liquid, like 
whey. In the course of two or three days this lower stratum ceases to yield 
any precipitate on the addition of acetic acid : when this point has been 
reached,; alcohol must bo added so long as it occasions a x^recipitate. This 
precipitate consists of synaptase in combination with phosphates of lime and 
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be kept unchanged ; but if it be mixed with an emulsion of 
sweet almonds^ decomposition commences immediately, and the 
characteristic odour of the essence is developed. Seventeen 
grains of fjmygdalin when dissolved in one ounce of emulsion of 
sweet ahnoiids, would furnish exactly one grain of pure hydro- 
cyanic acid ; or it would contain an amount of the acid equiva- 
lent to 50 minims of the dilute hydrocyanic acid of the London 
Pharniaco])(eia. 

(1205) Essence of Bitter Almonds. — Hydride of Benzoyl 
(Ci,jlir,02, II); gT. 1*043. — In order to extract this essence, the 
bitter almond cake whi(!li is left after the expression of the fixed oil is 
crushed and made into a thin cream with water. It is then intro- 
duced into a still, where it is allowed to remain for twenty-four hours, 
with occasional agitation, in order that the amygdalin may be com- 
pletely decomposed. At the end of that time the distillation is pro- 
ceeded with. This operation is liest efleeted by the injection of steam; 
the liquid is thus speedily raised to the boiling point, and all risk 
of charring the vegetable matter is a\ei’ted : the oil passes over as 
usual with the vapour, and may be condensed in suitable receivers. 
The distillation must be continued so long as the distillate comes 
over witli a milky appearance. 

A considerable quantity of the essence is dissolved in the dis- 
tilled water, but most of this can be recovered by subjecting the 
water to a second distillation, the essence coming over with the 
first portions. The kernels of the peach, tlie plum, the cherry, 
and other stone fruit, as oil as the leaves of the laurel [Prunus 
laurocerams) also yie-hi this •essence in notable quantities. 

The crude essence, in addition to hydride of benzoyl, contains 
hydrocyanic and bcnzoii* acid, and a crystalline body termed ben- 
zoin (1212) : it is extremely poisonous, owing to the presence of 
hydrocyanic acid ; but it may be readily purified from the latter 


• * 
magnesia : it must be washed with absolute alcobol, and dried in vacuo over 
sulphuric aci<L 

TJie synaptase thus obtained cannot bo freed from the salts which accom- 
pany it, but it is suQiciently pure to enable its action as a ferment to be studied. 
vVJien dried as direct^, it may he preservud unaltered : but if left iu a moist 
condition, it speedily TOcoraes putriih It is completely soluble in cold water j 
the liquid lias an acid reaction, which enables it to hold the earthy phosphates 
in solution. In this state it spceaily transforms amygdalin into the essence 
of bitter almonds and other produet.s. Idie aqueous solution of synaptase 
becomes turbid wdien heated, oWint'; to the separation of a portion of the 
earthy phosphates ; the liquid, how ever, again becomes clear as it cools, but 
no longer possesses the pow’er of ellecting the transformation of amygdalin 
into hydride of benzoyl. A solution of synaptase is entirely precipitated by 
one of acetate of lead, and the precipitate so obtained acts upon amygdalin in 
the same way as synaptase itself. 
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compound by agitating the oil briskly with a mixture of milk of 
lime and protochloride of iron, and then submitting it to distillation. 

The purified oil is not poisonous. It is inflammable, and burns 
with a smoky flame j when heated to 356° it boils, andr may be 
distilled unaltered. Hydride of benzoyl is soluble in 30 parts of 
water, but it is dissolved by alcohol and by ether in all proportions. 
This oil exerts no rotatory action upon polarized light. 

When essential oil of bitter almonds, either in its pure or its 
rectified condition, is left in contact wdth the atmosphere and with 
water, it gradually absorbs oxygen, and is at lcr*gth wholly con- 
verted into a crystalline mass consisting of benzoic acid ; — 

Hydride of Benzoyl. Benzoic Acid. 

' A , f A ^ 

C12HA, H + O3 = HO, Cl, HA. O. 

When oil of bitter almonds is heated with hydrate of potash, it 
yields hydrogen and the benzoate of the alkali : — 

Hydride of Benzoyl. Benzoate of rt)ta8li. 

"CiJIA. H + KO, HO = KO, Cl, HA + a 
Concentrated nitric acid converts the essence into nitro-bcnzoic 
acid (HO, Ci,n,, NO,, O3), with brisk evolution of heat ; but if the 
reaction be moderated by the addition of water, a yellowish oil is 
formed, which gradually solidifies ; it is a compound in wliich 
the hydrogen of the hydride has been displaced by peroxide of 
nitrogen ; — 

Hydride of Benzoyl. Nitro-bcnzoyl. 

C14H5O2, II + no, NO5 = C^4H,02, No 7 -r 2 ITO. 

When oil of bitter almonds is treated with perchloridc of phos- 
phorus, it yields a compound termed cklorobenzoh^ or hydride ofchlo- 
robenzoyl (Ci4HgCl2, 11), in which the oxygen of the essence appears 
to have been displaced by clilorinc, whilst oxychloride of phosphorus 
is formed, and can be ex{)olled by heat. Chlorobenzolc is a limpid, 
colourless liquid, of sp. gr. i’245; density iu the form of vapour 
is 5*625. It has but little odour at ordinary temperatures, but 
when heated it gives off an irritating vapour. Chlorobenzolc boils 
at 403®. It is insoluble in water, but readily soluble in alcohol and 
in ether. 

{jZo 6 ) Chloride of Benzoyl, Benzoic Oxychloride (Ci4ri502, Cl) ; 
Sp. gr, of liquid 1*196, Liebig and Wohler; 1.25, Cahours ; of va- 
joowr 4*987. — When a current of dry chlopiie is transmitted through 
the essential oil of Ijitter almonds gently warmed, much hydrochloric 
acid is evolved, and chloride of benzoyl is obtained in the form 
of a colourless liquid, the vapour of which produces lachrymation ; 
it has a peculiar irritating odour resembling that of horseradish. 
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Chloride of benzoyl boils at383°,and burns "with a green smoky flame. 
This substance sinks in water without mixing with it ; but if boiled 
with water^ it is gradually dissolved^ and decomposed into hydro- 
chloric apd benzoic acids ; Ci4H502,Cl + 2HO = HO, C14H5O3 + HCh 
The best method of preparing the chloride of benzoyl, when 
required in considerable quantity, consists in heating gently in a 
retort a mixture of 122 parts of crystallized benzoic acid, aud 2 J i 
of perchloridc of phosphorus (i equivalent of each substance) : a 
violent reaction occurs, attended with a copious extrication of 
hydrochloric acid : — 

Benzoic Acid. Chlor. Benzoyl. Oxychlor. Phosph, 

HO, C,,H,63 + PCI5 = C^sOTci -f HCl + PO2CI3 ; 
when this has terminated, the mixture is submitted to distillation. 
As soon as the boiling point rises to 383°, pure chloride of ben- 
zoyl passes over, the portions which distil at a lower point consisting 
of a mixture of oxychloride of phosphorus and chloride of benzoyl. 
This mixture may be purified by distilling it from anhydrous 
benzoate of soda, the oxychloride of phosphorus becoming decom- 
posed in the following manner : — 

Benzoate of Soda. Oxychlor. I’bosph. Chloride of Benzoyl. Phosph. Soda. 

3^?^ C^^A) + +7 NaoTiOs- 

Chloride of lienzoyl has been extensively employed by Gerhardt 
in the preparation of the anhydrides of the organic acids (1099). 

Gaseous ammonia decomposes it, and yields benzamide (1054), 
and hydrochloratc of ammonia : — 

Chlor. Benzoyl. Bonzamide. 

4- 2II3N = H,NC1 + 'h,N, CiJIA. 
Aniline attacks it in a similar manner, and produces benzanilide 
(C13H5, IIN, C14H5O3). When mixed with alcohol it yields 
benzoic ether : — 

Chlor. Benzoyl. Alcohol. Benzoic Ether. 

C14H5O,, CH-^,o 7 hO = C4H5O, + HCL 

Sometimes in the reaction of chlorine upon the hydride of 
benzoyl, brilliant colourless plates of a substance sparingly soluble 
in cold alcohol are deposited. They are formed by a combination 
of chloride with hydrirh:: of benzoyl (C14H5O2H, C14H5O2, Cl), which 
is termed chlorohydride of^^benzoyL 

Sulphide of Benzoyl 2 (Ci4H602,S). — When chloride of benzoyl 
is distilled with sulphide of lead, a yellowish oil of the above com- 
position passes over ; it gradually forms a yellow crystalline mass, 
which has a disagreeable sulphurous odour. 
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A bromide of benzoyl (Ci^H^Og, Br), and an iodide I) 

may be obtained by analogous methods. 

Cyanide of benzoyl (C14H6O2, Cy) may be obtained in a similar 
manner, in the form of a yellow oil, by distilling the cliioride of 
benzoyl with cyanide of mercury. 

(1207) FormoheyizoyUc or Mandelic Acid (HQ, CJ4H0O2, 
C2HO3). — When the distilled water of bitter almonds, (containing 
hydrocyanic acid, and the essential *011) is boiled with hydrochloric 
acid, a curious reaction occurs ; the hydrocyanic acid is decom- 
posed into ammonia which unites with the hydrochloric acid, and 
formic acid which enters into combination with the oil of almonds, 
producing a new body possessed of acid properties and termed 
formo-benzoylic acid : — 

llydr. of Benzoyl. Hydrocy. Acid. FormoLenzoylic Acid. 

c^iA+HCi-f 4 no + nJ^N=H,Ncn-no, 

On evaporating the solution, the acid may be obtained in mixture 
with hydrochlorate of ammonia, from which it may be separated by 
ether ; the ethereal solution deposits it in rhotnboidal tables. It 
has a sour taste, and is easily solul)le in alcohol. When heated, 
it fuses at a low temperature, emitting an agreeable odour of 
hawthorn blossoms. Formobcnzoylic acid is also obtained by dis- 
solving amygdalin in concentrated hydrochloric acid. Formo- 
benzoylic acid furnishes one of the best instances of tlie class of 
colligated acids, in which the saturating power of the original Jicid, 
the formic, remains unimjjaired by its union with the colligate. It 
forms soluble crystallizable salts with baryta and silver, and with 
other bases. 

A compound of benzoic acid vnth hydride of benzoyl 
[3 J ? is obtained by acting upon the moist 

essence of bitter a]i lonils with uiidried chlorine gas ; 3 equi- 
valents of the essence concur to its formation, but i equiva- 
lent only has undergone oxidation; 3 (CiJIgOa) -h 2 HO + C 1 = 
11 Cl -h (2 Ci4H(j02, Ci^HqOJ. This reaction presents a certain 
analogy with that by which acetal (973) is formed. The benzoic 
hydride of benzoyl is insoluble in water, but it crystallizes from its 
alcoholic solution in square prisms, which may be fused at a 
gentle heat and volatilized without decomposition : it ^ presents 
none of the characters of an acid. An alcoholic solution of potash 
gradually decomposes it, and crystals of benzoate of potash are 
deposited. It appears that under certain circumstances 3 equiva- 
lents of the essence combine with i of benzoic acid (Laurent and 
Gerhardt), but the composition of this body is somewhat uncertain. 
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Hydrocyanate of Hydride of Benzoyl , — If the mixture of hydro- 
chloric acid and the distilled water of bitter almonds be evaporated 
at a gentle heat, without boiling, a yellow oily liquid of sp. gr. 
J*i24 is^formed ; this substance is sparingly soluble in water, but 
freely so in alcohol and ether. Voelckel states it to be a com- 
pound of liydrocyanic acid with hydride of benzoyl (Ci4Htj02, 
HC2N) : it is decomposed into its two components by a temperature 
of 338^. • 

The substance to which the name of henzimide (C^gHigNgOJ* 
was given by Ijaiircnt, is the result of the action of hydrocyanic 
acid upon the essence. If the hydride of benzoyl be mixed with 
a fourth of its bulk of anhydrous hydrocyanic acid, and gently 
warmed after agitation with an alcoholic solution of potash, white 
curdy flocculi of hydride of cyanobenzoyl (henzimide) are deposited. 
The same substance is also sometimes met with in the resinous 
residue of the distillation of the crude essence ; and on treating 
this with boiling alcohol, henzimide is deposited in white flocculi 
as the liquid cools. Henzimide is sparitigly soluble in alcohol and 
in ether. It fuses on the application of heat, and at a high tempera- 
ture is decomposed, leaving a carbonaceous residue ; fuming sul- 
phuric acid dissolves it with a blue colour, which fades on dilution. 

(1208) Benzoic Acid (HO, Cj J-IgOa) Sp. gr. of vapour 
Benzoic acid occurs abundantly in the balsamiferous plants, inde- 
pendently of its artificial origin from bitter almond oil already 
mentioned. 

Gum Benzoin^ the produce of the Styrax Benzoin of the 
Asiatic archipelago, is the principal source of the supply of ben- 
zoic acid. Common benzoin occurs in reddish lumps which 
sometimes have a lanudlatcd fracture, and contain whitish opaque 
masses. When recent it emits an odour of bitter almonds. Gum 
benzoin appears to be composed of a mixture- of three varieties of 
resin, vith Itcnzoic acid and a small quantity of a fragrant essen- 
tial oil. Only one of the resins is soluble in ether, a second is 
soluble in alcohol only. The white opaque masses appear to consist 
of the resin which is soluble in ether ; they yield less benzoic acid 
than the brown portions. 

Preparation . — Benzoic acid may be extracted from powdered 
benzoin 6y boiling it for soruc hours with milk of lime, filtering 
the solution of benzoate of lime from the insoluble compound of 


* Laurent finds the formula (CjgHuNOJ originally given by him for this 
compound to have been erroneous. 
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resin and lime, and, after concentrating the filtrate, adding hydro- 
chloric acid; benzoic acid is thus precipitated, and may be purified by 
sublimation. The acid is, however, generally extracted by the less 
economical but simpler process of direct sublimation from gum ben- 
zoin, which contains 14 or 15 per cent, of the acid : if the resin be 
coarsely powdered and exposed to a temperature of about 300°, the 
acid which exists ready formed in it is expelled, and may be con- 
dtfensed in suitable receivers. MohVs plan of conducting the sub- 
limation, which has been already described when speaking of the 
preparation of pyrogallic acid {1124) is the simplest and best 
method. The resins of tolu and of benzoin wlien treated with 
boiling nitric acid yield an amorphous form of benzoic acid, which 
is coloured yellow with a resinous matter wdiich accompanies it 
into its salts, and hinders them from crystallizing : balsam of to^u 
often yields nearly half its weight of this acid. This resinous acid 
is completely soluble in boiling water; when this form of the 
acid is exposed to the sun^s rays it becomes covered with white 
crystals of pure benzoic acid ; and when sublimed the ordinary 
crystalline acid is obtained. , 

Properties. — Benzoic acid assumes the form of white, glisten- 
ing, extremely light, flexible needles^ which usually liavc an agree- 
able aromatic odour, and a hot bitterish taste. The odour, how- 
ever, is not due to the acid, but to the ])rescnce of a trace of 
essential oil which accompanies the acid during the sublimation. 
Benzoic acid melts at 248'’; it sublimes at 293'^, and boils at 462^\ 
Its vapours arc acrid and irritating, when kindled in the ()])cn air 
they burn with a smoky flame. The acid requires about 200 parts 
of cold water, and 2 5 of boiling water, for its solution ; but it is 
readily dissolved by alcohol and by ether. 

Benzoates. — Most of the benzoates are soluble in w^ater, and in 
alcohol. If a strong , icid/ such as the sulphuric or hydrochloric, be 
added to their aqueous solutions, a crystalline prceij)itatc of benzoic 
acid is deposited. Potash and ammonia form both neutral and acid 
salts with benzoic acid. Neutral benzoate of potash (KO, C14H5O3 
4- Aq) crystallizes with difficulty in penniform crystals, which 
creep up the sides of the vessel during their formation. The 
acid salt of potash (KO, HO, 2 C14II5O3), may be obtained from 
its soJutioJ^ alcohol, in colourless, pearly tables, which are 
sparingly soluble in water. It is obtained as a secondary product 
in the preparation of acetic anhydride by decomposing acetate of 
potash with chloride of benzoyl. Neutral benzoate of ammonia is 
very i^luble in water. It is sometimes used as a means of sepa- 
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rating iron from nickel and cobalt. The benzoate of peroxide of 
iron falls as a bulky brownish-white gelatinous mass when a 
neutral solution of a persalt of iron is mixed with one of benzoate 
of ammcnia : perbenzoate of iron is soluble in alcohol. The ben- 
zoates of yttria, zirconia^ tiny and lead, arc insoluble in water; 
that of silver is sparingly soluble in boiling w^ater. A neutral 
solution of a persalt of iron may be used for detecting the presence 
of benzoic acid in solution. When any of tlic benzoates arc treated 
with phosphoric ackb benzoic acid is sublimed, and may be recog- 
nised by its characteristic odour. The benzoates of the alkalies 
and of the earths when submitted to destructive distillation yield 
a particular hydrocarbon termed henZole or benzine and a 

compound termed henzophenone (CigHs, CJJ.II5O.2) ; these sub- 
s^nces are intimately related to the plienic group of compounds 
which will be described in the chapter upon the products of 
destructive distillation. When benzoate of lime and formiate of 
lime arc distilled in the proi)ortion of one equivalent of each, 
hydride of benzoyl is the result (Piria) ; — * 


Benzoate of Lime. 


Fonniato of LiuiP. 


3Iydri<lf* of Benzoyl, 


CaO; CidljOa f CaO, C,IIO, = 2(CaO, CO,) + CiJIbO,. 


Benzoic acid is dissolved by oil of vitriol, and is precipitated 
unchanged on dilution with water; but fuming sulplmric acid 
converts it into a dibasic compound acid, the sulphobenzoic (2 HO, 
Fuming nitric acid converts the benzoic into 
nitrobenzoic acid (IIO, ; and a mixture of oil of 

vitriol and nitric acid produces dinitrobenzoic acid (HO, C14H3, 
2 NO4, O3). Chlorine produces not less than three chlorinated 
acids : viz., monochkrnnatedy dichlorinated and trichlorinated ben- 
zoic arid, in which i equivalent, 2 equivalents, and 3 equivalents 
of hydrogen respectively are displaced by a cprresponding number 
of cqulvahuits of chlorine. When benzoic acid is treated with 
perchloride of phosphorus it yields chloride of benzoyl in abund- 
ance (1206). 

Benzoic anhydride (C14H5O3, C14H5O3). — This compound is 
obtained by decomposing anhydrous benzoate of soda with chloride 
of benzoyl, or with oxychloride of phosphorus (1099). The result 
of the reaction is washed with water weakly alkalized with car- 
bonate of soda ; benzoic ^anhydride is left in the form of a white 


* Piria finds that cinnamic, cuminic, and other aldehyds may be obtained 
by distiUing the salts of their corresponding acids with formiate of lime. Thus 
a mixture of cinnamate and formiate of lime yields oil of cinnamon. 
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raass insoluble in water, but soluble in ether and in hot anhydrous 
alcohol, from which it crystallizes in oblique prisms. It melts at 
about loS*^ F., and may be distilled unaltered at 590". Boiling 
water slowly converts it into the hydrated acid ; the Aaiige is 
hastened by the addition of an alkali. It enters into the forma- 
tion of many double anhydrides (iioo) : such, for example, as 
benzoacetic anhydride (C14II5O3, C4H3O3) which is obtained by 
heating acetic oxychloride (€4113*0201) with dried benzoate of 
soda. A brisk reaction occurs at ordinary temperatures ; when 
this is over the residue must be washed with uxiter, and with a 
weak solution of carbonate of soda : benzoacetic anhydride is left 
in the form of a neutral oil which is heavier than water, and 
emits an agreeable odour of sherry wine. Boiling water slowly 
decomposes it into a mixture of acetic and benzoic acids ; but the 
solutions of the alkalies or of their carbonates quickly convert it 
into acetate and benzoate of the base. It cannot be distilled 
without experiencing decomposition : acetic anhydride passes over 
first, and if the distillation be stopped as soon as the temperature 
of the boiling li(]uid reaches 536®, the residue in the retort solidi- 
fies on cooling into a mass of crystallized benzoic anhydride. 

( 1 209) Benzamic acid ; CarbanUlc acid or Ar/iido -ben zoic acid 
((>i4ll7N04 = HO, C14H4, H2N, (>3) as it is more appropriately 
termed, is not a true amidated acid (1047), but benzoic acid in 
which an equivalent of hydrogen has been displaced by an equiva- 
lent of amidogen. It is isomeric with anthranilic acid (1287) 
and is obtained by the action of reducing agents upon iiitrobeii- 
zoic acid. If an alcoholic solution of nitro-benzoic acid be satu- 
rated with ammonia and with sulphuretted hydrogen, and then 
boiled, it becomes green, and a copious deposit of sulphur occurs ; 
this operation must be repeated two or three times, in order to 
complete the decomposition of the nitrobenzoic acid : — 

Nitrohenzoic Acid. Aniidobenzoic Acid. 

HO, C14H4, N0^3 + 6 HS = HO, Ci 4H4(H2:^3 + 4 no + 6 S. 

The liquid must be evaporated to the consistence of syrup, super- 
saturated with acetic acid, and the precipitate drained upon porous 
tiles. It must then be redissolved in boiling water ; the solution 
digested with animal charcoal, filtered, and allowed to crystallize. 
Amido-benzoic acid crystallizes in radiatiid tufts of delicate needles, 
which are readily soluble in alcohol and in ether. It has a sweet, 
sourish taste, but no odour. It forms an insoluble green precipi- 
tate when mixed with salts of copper ; with salts of silver it gives 
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a white curdy precipitate, which if left in the liquid becomes 
crystalline. 

This acid likewise possesses the property of combining with other 
acids. Qil of vitriol dissolves amido-benzoic acid by the aid of heat, 
and on cooling, it deposits brilliant crystals, (C,4H7N04, HO, SO3, 
2 Aq), which may be rccrystallized from boiling water or from 
alcohol : their aqueous solution has an extremely sweet taste. A 
similar comi)Ouiid (C14II7NO4, HO, NO5) may be formed with nitric 
acid. 

By the aetipn of reducing agents upon dinitro-benzoic acid, a 
compound, (C|4lIgN204,) analogous to the amido-benzoic acid, having 
the composition of dianiidobenzoic acid, HO, 
been obtained (Voit), but it possesses none of the characters of an 
acid ; it combines readily with acids, the introduction of the second 
equivalent of amidogeri having given it a decided basic energ3^ 

(1210) Action of Ammonia on the Oil of Bitter Almonds . — 
Several compounds are produced by the action of ammonia upon 
this essence, which are different according as the essence employed 
is pure, or contains hydrocyanic aci 4 - If it be pure, bydrobenza- 
mide and dibenzoylimide arc the residt of the reaction : if it be in 
the crude state, the hydrocyanic acid takes part in the reactio1:i, 
and benzhydramide and benzoyl ic azotidc arc formed. 

I. Hy dr obenz amide (C42HiyN2) is the most interesting of these 
compounds ; it may be formed by simply agitating the oil with a 
solution of ammonia, and afterwards leaving it at rest for some 
days at the ordinary temperature : but the reaction is completed in 
a few hours if the mixture be heated to the boiling point. In 
either case the mixed liquids gradually become converted into a 
crystalline mass of hydrobenzamide, which must be washed with 
ether and crystallized from boiling alcohol ; — 

Benzoyl. Hydrobenzamide. 

3 + 2 H3N = + 6 HO. 

Hydrobenzamide fcrms colourless octohedra with a rhombic base. 
It is destitute of odour, and insoluble in water, but readily soluble 
in ether. It melts at 230”; and, if heated for some time to about 
260”, or if boiled with a solution of potash, it is converted into the 
isomeric base termed amarine or benzoline (1068), 

When hydrobenzamide is fused with potash, several new com- 
pounds arc formed, such as benzostilhine and benzolone 

(CHII4O), whilst the nitrogen is expelled in the form of ammonia. 

Ilydrgbenzamide, when boiled with hydrochloric acid, is 

•I 
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decomposed ; sal ammoniac is formed, and hydride of benzoyl is 
set at liberty. A similar change is also produced by mere boiling 
of its alcoholic solution, but the ammonia in that case is liberated 
in the uncombined form. 

2 . Di 6 enzot/ll?mde (C2glIi^N0.2)is obtained bypassing ammoniacal 
gas into an alcoholic solution of essential oil of bitter almonds. 
It is gradually separated in the form of a resinous mass which is 
soluble in boiling alcohol, and from which it is deposited as a 
yellowish powder composed of brilliant feathery crystals (Robson). 

Ilydr. Benzo}"!. l^ibonzoylimide. • 

^ (Cut-i^ + H3N + 2 110. 

3. Benzhy dr amide y or Hydride of Cyanazohenzoyl a, — 
(C4 iH 1^1^202) was originally stated by Laurent to be isomeric 
with hydrobenzamidc, but when he re-examined this substance 
conjointly with Gorliardt, this statement was ascertained to be an 
error. If the crude essence of bitter almonds be heated to 212'', 
and saturated with ammonia, then dissolved in a mixture of 
alcohol and ether and left to itself for three or four days, a deposit 
is formed which consists of two portions, viz. ben zhy dr amide, and 
benzoyllc azotide : they may bo separated by the action of boiling 
alcohol. Benzhydrarnidc is soluble in boiling aleoliol, from which 
on cooling and spontaneous evaporation it is deposited in small 
brilliant needles, which arc freely soluble in ether; and which, 
'when boiled with hydrochloric acid, are decomposed into hydro- 
cyanic acid, hydrochlorate of ammonia, and hydride of Ixmzoyl. 

4. The portion wliich is left undissolved by aleoliol is the 
benzoylic azotide of Tjaurent. It is in the form of a wdiite crys- 
talline powder, which is nearly insoluble in alcohol and in ether : 
it fuses on the application of heat, and crystallizes on cooling. 

The formation of tLcsc two compounds is explained by the 
following cipiations : — 

Hydride of Benzoyl. Ilydror-y. acid. Benzhydromide. 

+ n, c.^ + H3N = + 4 no ; 

Benzoylic Azotide, 

2 (CuHoO^) + H, C,N f H3N = + 4 HO. 

5. Azobenzoyl (C42H15N2) is a third substance which was ob- 
tained by Laurent. It is nearly insoluble in alcohol, but soluble 
in ether : on the application of heat •it fuses into a transparent 
mass, resembling gum in appearance. 

(1211) Alcohol of the Benzoic Berks (C14H7O, HO ; Cannizzaro) 

PART 111. B u 
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Sp, gr, of liquid 1*059; of vapour 3*84. — In order to obtain this 
compound the following process is adopted : — Oil of bitter almonds is 
dissolved in its own volume of alcohol, and this liquid is mixed 
with three or four times its bulk of an alcoholic solution of hydrate 
of potash (of sp. gr. 1*020) : a considerable evolution of heat 
occurs, and a copious dei)osition of crystals of benzoate of potash 
takes place : when this reaction has terminated, boiling w ater is 
added to the liquid in quantity s\ifficicnt to dissolve the benzoate. 
The greater })art of the alcohol must then be distilled oft^ and 
more water added to dissolve the benzoate if necessary ; the turbid 
liquid thus obtained must be agitated w ith ether, and the ethereal 
layer which separates on standing, must be drawn off and sub- 
jected to distillation. The first portions consist of ether, but 
subsequently pure benzoic alcohol passes over. The reaction of the 
potash upon the hydride of benzoyl may be thus represented : — 

llydruU’i «>f Benzoyl. Benzoate of Potash. Benzoic Alcohol, 

r(CHHoO,) V KO, HO = + iio, Ci,HjO. 

Benzoic alcohol is a colourless oily liquid which boils at 400''. 
It is readily converted by nitric acid at a gentle heat into oil of 
bitter almonds ; and is transformed by chromic acid into benzoic 
acid : botli of these jiroducts arc the results of oxidation, which 
may be thus represented : — 


Benzoic Alcolml. 


Oil of Bitt er Almonds. 



Oa 

=' c„h a' + 

2 no ; and 



Benzoic Acid. 


ChH«0, + 


= HO,Ci,lIA 

+ 2 HO. 


It is obvious that oil of bitter almonds and benzoic acid stand 
in the same relation to benzoic alcohol, that aldchyd and acetic 
acid do to ordinary alcohol {vide Table, p. 430). 

If beiizoi(' aleoliol be distilled from hydrate of potash, it is 
decomposed into benzoate of potash and tbc hydrocarbon known as 
toluol e, whicni eorrcspomls to olefiant gas in the alcohol series : — 

Benzoic Alcohol. Benz. Potash. Toluole. 

3~(Ci,HsO^ + KO, 110 = KO, C„HA + + 4 HO. 

Benzoic alcohol may be made to yield a series of ethers, 
among which are the following : — 

Boiling point* 

Bcnzo-cthcr JI7O, Cj^HyO about 590*" 

Benzo-hydrochloric ether . about 360® 

Bcnzo-acetic ether . . . C14H7O, C4 IIjOji 410® 

Benzo-benzoic ether . CuHjO, CiA A 653° 
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Benzo-ether is obtained by beating benzoic alcohol with an- 
liydrous boracic acid in a cloi!>ed vessel to about 250"' for some 
hours. The boracic acid must then be extracted with boiling 
water and a weak solution of carbonate of. soda, and tlm residue 
must be distilled at a tcin})eraturc of about 590*^; benzo-ether 
passes over, and a hydroearlion (C2yHi2) remains in the retort : — 

Benzoic Alcjohol. Benzo.ElJier. 

+ 6 HO. 

Benzo -hydrochloric ether when heated in a scaled tube with 
ammonia furnishes the volatile base toUddlne, HfN, which 
corresponds to etliylia in the ethylic series. WIkmi benzoic 
aleoliol is mixed with oil of vitriol, it yields a compound acid 
( 110 , C14H7O, corrcs])onding to the sulphethylic. It may 

be obtained in crystalline plates. 

(1212) Benzoine (C2HH12O4). — It has been already mentioned 
that when the vapour of hydride of benzoyl is transmitted over 
heated hydrate of potash, benzoate of potash and hydrogen are pro- 
duced : but if the crude essence be agitated with its own bulk of 
a saturated alcoholic solution of j)otash, the oil is slowly changed 
into a mass of crystals, wliudi arc isomeric with the hydrides of ben- 
zoyl : the same change occurs if tlK‘ pure hydride be digested with 
an alcoholic solution of cyanide of potassium : to tlic; substance 
thus formed the name of hnizohw has been given. The pre- 
sence of hydrocyanic acid is necessary to the prodiu 4 iou of this 
metamorphosis; but the mode in which it acts is entirely un- 
known, since it remains in the licpiid, unaltered in amount, after 
the change has l^cn clfected. 

Benzoinc may be obtained in a state of purity by crys- 
tallizing it from boiling alcohol, in which it is readily soluble. 
Ether also dissoly. ^ il, freely. It is nearly insoluble in cold 
water, but is soracMhat soluble in boiling water. Benzoine 
is destitute of odour and of taste : at 248'^ it fuses, and at 
a higher temperature it may be distilled unaltered. If its 
vapour be transmitted through red-hot tubes, it is re-converted 
into the essential oil of bitter almonds. Cold sul])huric acid 
dissolves it with the production of a violet ^colour. Benzoine has 
been regarded as (C29II11O4, H), or as the hydride of a new ra- 
dicle siilhyl (CgsIIiiOJ, but the scries to which it gives rise has 
been hitherto but incompletely investigated. When benzoine is 
fused with hydrate of potash, it becomes converted into benzoate 

II II 2 
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of that base with evolution of hydrogen : but if it be boiled 
■with an alcoholic solution of potdsh, a beautiful violet-coloured 
solution is formed which is gradually bleached by boiling, whilst 
hydrogen is disengaged^ and benzilic acid remains in combination 
with the potash : — 

Bonzoine. Benzilato of Potash. 

c’^li A + KO, HO =, KO, H- H. 

Benzilic or Stilbylic Acid (HO, C29H11O5) is obtained by decom- 
posing a hot solution of the benzilato of potash, by means of 
hydrocliloUc acid : it crystallizes from the solution on cooling, in 
brilliant needles. Benzilic acid is sparingly soluble in cold water, 
but is freely dissolved by alcohol and l)y ether ; at 248^" it melts to 
a colourless licpiid which becomes red at a higher tempera- 
ture ; when hcatt‘d still more strongly it is decomposed, emit- 
ting fumes of benzoic acid, and violet vapours ; the latter may be 
condensed into a reddish, acrid, oily liquid. Benzilic acid is 
soluble in oil of vitriol with a beautiful crimson colour, 
which disa})])cars on diluting the solution. The benzilates 
arc monobiisic; those of silver and of lead arc white and 
nearly insoluble. 

(1213) Benzile (C^hHi^OJ. — WJien a current of chlorine is 
transmitted through melted benzoine, so long as hydrochloric 
acid is evolved, liydrogcn is removed and benzile is formed. It 
may also be olitaincd more readily by Iieating benzoine gently with 
twice its weight of concentrated nitric acid ; benzile rises to the 
surlacc in the form of a li([uid oil which solidifies on cooling; it 
may be purifi('d by crystallization from ether or from alcohol, and 
is* deposited in beautiful regular six-sided prisms which are of a 
yellowish colour. Benzile is tasteless, and insoluble in water. 
It may be fused, and it solidifies again , bet ween 194® and 198® 
into a fibrous mass. At a higher temperature it may be distilled 
unaltered. Benzile is x>oly meric with benzoyl, which has not 
hitherto been isolated. It contains two equivalents less of water 
than normal benzilic acid. When dissolved in a hot solution of 
potash it forms a violet-coloured liquid, which by boiling becomes 
colourless ; the benzile assimilating one equivalent of water and 
becoming converted into benzihatc of potasli ; — 

Benzile. Beiizilate of Potash. 

CsaHioO^ + KO, IIO = KO, 
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AVhen bcnzile is treated with ammonia it gives rise to a series 
of compounds which contain nitrogen, viz : — 

Imabenzile. Benzile. 

I. C28H2JNO2 = C)2 sH 2 o 04 + H3N 2 HO 

Benzilimide. 

3. a(C,8HioO,) + a H^N — 4 HO 

Benzilarn. • 

3. = a(C,8Hi„04) + a II^N - 8 HO. 

Chloride of Siilhijl, or of Benzile (C28ll2i04*Cl). — When per- 
chloride of phosphorus is heated with bcuzilic acid, a violent re- 
action occurs, chloride of benzile, oxychloride of phosphorus, 
and hydrochloric acid being formed : — 

Bcnzilitj Acjid. Chloridi? of Stilbyl. Oxychlor. Phopph, 

+ IICl + POAv 

By collecting those portions which distil at a temperature 
above 482®, chloride of benzile is obtained in the form of a 
colourless oil which is denser than water. It has a powerful and 
peculiar odour ; it boils at aI)out 518°, and on exposure to air absorbs 
moisture, and is converted into benzilic and hydrochloric acids; 
C28H22O4, Cl + 2HO = + HCI. 

(1214) Benzoinc combines with ammonia, and forms two 
crystallizable products, wdiich arc obtained by digesting benzoinc 
for several weeks in an aqueous solution of ammonia, viz, : — 

Bonzoinamide. Benzoine. 

1. C84ll3f5N4 = 3 (C2ylli204) 4- 4 H3N 12 HO ; 

Beiizoinam. 

2. C^C^2 = 2 (C28H12O4) + z H3N — 6 HO. 
Benzoinamide is polymeric with hydrobenzamidc ; it may be 

fused when heated, aniDmay be distilled unchanged. It is very 
sparingly soluble both in alcohol and in ether, even at a boiling 
temperature. 

Besides the compounds already described, there are numerous 
others derived from the essence of bitter almonds which contain 
sulphur ; but for a description of them the reader is referred to 
Gerhardt’s Trails de Chimie Organique, tom. III., and to various 
memoirs there cited ; particularly to one by Laurent [Ann, de 
Chimie^ III. i. 291). • 

(1215) Htfpuric Acid (HO, CigHgNOg). — ^This acid is a con- 
stituent of the urine of the herbivora, and is most readily obtained 
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from the urine of the cow, which, acc 9 rding to Boussingault, contains 
about 1*3 per cent, of it. The urine of the horse also yields hip- 
puric acid if the animal be kept at rest, but if hfe be kept actively 
at work the greater part of the hippuric acid disappears, and ben- 
zoic acid is found in its stead. Hippuric acid, in minute quantity, 
is also a normal constituent of human urine, but its amount may 
be voluntarily increased by taking lienzoic acid in any form into the 
system, since benzoic acid during its passage through the human 
body becomes converted into the hippuric, and is excreted in this 
form by the kidndys. If the urine be allowed to become putrid, 
the hqipuric acid is decomposed, and benzoic acid is formed in its 
place. The facility with which these changes occur is explained 
by the fact that hippuric acid is truly a colligated benzoic com- 
pound. When hippuric acid is boiled for some hours with con- 
centrated hydrochloric acid, it assimilates the elements of water 
and is resolved into benzoic acid and glycocine, in the following 
manner ; — 

nippuru* Ac'ul. Benzoic Acid. Glycocine. 

+ 2 HO + ho7c,h,no7. 

Pessaignes has also shown that hippuric acid may bo repro- 
duced from chloride of benzoyl and the compound of oxide of 
zinc woth glycocine : — 

Chloride of Uenzoj'l. Oxide of Zinc ami Gl^'^eocine. Tlippiirhi Acid. 

Ci JI.OXl -f ZnO, CtH^NO^ = ZiiCl + UO, 

Preparation , — Ilipjmric a(dd may be obtained by adding milk 
of lime to the fresli urine of cow^s, boiling for a few minutes, 
straining from the precipitated phosphates, then adding hydro- 
chloric ai'id to exact neutralization, and boiling the liquid down 
to one-ciglitli of its original bulk ; on adding hydrocliloric acid in 
considerable cx(*ess to this concentrated liquid, brown crystals of 
hippuric acid arc deposited ; they may be dissolved in hot water, 
and decolorized by trairsmitting a current of chlorine: the solu- 
tion on cooling deposits long colourless, transparent needles of 
hippuric acid. These crystals often become milk-white when kept. 

Properties , — Hippuric acid crystallizes in forms derived from 
the rhombic prism. It requires about 6oo times its weight of 
cold water for solution, and* still less soluble if this liquid be 
strongly acidulated wdth hy€li*ochloric acid ; boiling water dissolves 
it readily, so does hot alcohol, but it is nearly insoluble in ether. 
Hippuric acid has a bitterish taste; its solutions redden litmus 
powerfully. The acid melts at a gentle heat, and appears to 
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enter into ebullition at about 464 ^, but it is in reality becoming 
decomposed ; the distillate contains a crystalline sublimate of 
benzoic acid, and a reddish oil (benzonitrile) which has the agree- 
able odour of the Tonka bean : hydrocyanic acid is a^o formed 
at the same time, and a considerable residue of carbon is left in 
the retort. 

Hijjpurates. — Hippuric acid is monobasic. Its compounds 
with the alkalies and with magnesia arc very soluble, and are 
crystallized with difficulty. Acid liippuratcs of potash and of 
ammonia may be obtained. Hippurate of Ume^ [CaO, 

3 Aq) crystallizes in beautiful rhombic ])risms. The hippurate of 
lead is deposited from concentrated solutions in the form of a 
dense curdy precipitate, but it may be obtained from very dilute 
boiling solutions in tufts of silky needles with % Aq, which gra- 
dually become changed into broad brilliant quadrangular plates 
(PbO, C.hHsNO,, 3 Aq). 

Solutions of the liippuratcs give white insoluble precipitates 
with the salts of silver and of mercury : with the j)ersalts of iron 
they yield a characteristic brown precipitate. The liippuratcs 
when in the solid form are readily distinguished by distilling them 
with hydrate of potash, when they furnish ammonia and benzoic. 

Hippuric acid is soluble in eoinrentrated nitric acid, and if this 
solution be mixed with an equal bulk of sul])huric acid, carefully 
avoiding any elevation of temperature, it produces a mlrodiippuric 
acid (110, Ciflll;, NO i, NO.-), which, when the solution is diluted 
with three times its bulk of water, is gradually dejiosited in crystals. 
If the solution of tliis acid bo boiled with sulphuric or hydro- 
chloric acid it is converted into nitrobcnzoic; acid and glycocine. 

By boiling hippuric acid witli a strong solution of potash, it 
is resolved into a benzoate of the base, and into glycocine. It is also 
resolved into bcn/Oic a^ad and glycocine when boiled with concen- 
trated hydrochlorlt! acid, and a similar change occurs if dilute sul- 
phuric, nitric, or oxalic acid be employed instead of the hydrochloric. 

Considerable difference of opinion has prevailed respecting the 
nature of hippuric acid, but the reaction of chloride of benzoyl 
upon the compound of oxide of zinc with glycocine seems to indi- 
cate that this acid is truly benzoyl-glycocine, or glycocine in which 
an equivalent of hydrogen has been ^displaced by one of benzoyl, 
the nearly neutral character of glycocine being changed to that of 
an acid by the addition of the electro-negative radicle benzoyl : — 

Glycocine. Hippuric Acid, or Benssoyl Glyoooine. 

^ >■ - ^ A . ^ 

HO, C.lI.NOj ; HO, C,n,(C,,n502)N03. 





472 


BUNZOGliYCOLLlC AGIO. 


Tins view is strengthened by the faet that when hippurie acid 
is boiled with peroxide of lead, carbonic acid is evolved, and ben- 
zamide is formed ; the oxygen in the peroxide of lead producing 
the chango in the manner illustrated by the following equation : — 

llippurii* Afid. Benzamide. 

0 = 3 II 0 + 4 CO^ + I^nTCi^HsO^. 

(1216) Bevizogly collie Acid (IiO^ CigllyOy). — Streckcr was dis- 
pos(‘(l to regard lii])])uric acid as an amidated acid ; and in order 
to test this theory^ he subjected it to the action of nitrous acid, 
wliieh would liberate the dibasic acid of which it was suj^posed to 
])c the amidic compound if this view were true. Instead of this he 
ol)tained a new monobasic acid, which he termed the benzogly collie, 
as it is evidently a compound of the benzoic and glycollic acids. 
Bcnizoglycollic acid may be obtained by exposing a solution of hippu- 
ric acid in nitric acid to the action of a current of binoxide of 
nitrogen, in which case nitrogen gas is evolved, and benzoglycollic 
acid is formed lliis compound is produced by the reaction of 
nitrous acid u[)on hippurie acid, and tljc action of the binoxide of 
nitrogen on the nitric acid merely presents nitrous acid in the 
nascent condition to the hippurie acid; 2NO2 + NO5 = 3 NO3. 
The reaction of nitrous acid upon hippurie acid may be thus 
n^presented : — 

T£ip]»iiric Arid. Ben zojEfly collie Acid. 

iio, CaHH^No, -f N0.3 = no, Ci,hJo 7 -f no + 2 n. 

The binoxide of nitrogen, if not too rapidly transmitted, is 
wholly absorbed, and when the liquid acquires a green tint the 
operation may be terminated. Crystals of benzoglycollic acid are 
deposited as the decomposition proceeds, and on adding water, 
most of tlic acid is separated in the crystaj-line form. It may be 
puritied by converting it into a solution of benzoglycollate of lime, 
from whidi tlu‘ ])ure acid may be obtained on the addition of 
hydrochloric acid. Ihaizoglycollic acid crystallizes in rhomboidal 
prisms, or in thin plates. It is sparingly soluble in cold water, 
but is freely dissolved by alcohol and by ether. Boiling water 
also dissolves, but gradually decomposes it ; if the acid be heated 
with a quantity of water insijtficieut to dissolve it, it melts to an 
oily looking liquid ; when heated with dilute acids, it is resolved 
into benzoic and glycollic acids : — 

Bofixoglyoollic Acid. Scnzoic Acid. Glycollic Acid. 

^ ^ A., L 

2(IIO,C„n.O,) + 4HO = 2(HO,C„H.03) + aSQ.C^HjO.,. 
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The benzoglycollates arc monobasic; their solutions may l)e 
boiled without undergoing dcconlposition. Benzoglycollate of soda 
(Na0,CigH707, 6 Aq) crystallizes readily in large rhomboidal tables. 
The salt of lime crystallizes in delicate needles whieii^ even 
when present in small proportion, fill the entire volume of the 
liquid, and give it a semi-solid .appearance. The salts of baryta, 
zinc and copper, may be readily obtained in crystals ; the persalts of 
iron give a bulky characteristic fld^h-coloured precipitate, which is 
quite insoluble in neutral solutions : the lead salt is insoluble in 
the cold ; but boiling water dissolves it, and on ^iooling, deposits 
at first a subsalt, 3 PbO, 2 (Cigll-Oy) 3 Aq, grouped in hemispheri- 
cal stellate masses ; subsequently, thin short needles of the neutral 
salt crystallize from the solution. 

Strecker and Socoloff also obtained a compound of benzoic 
with lactic acid termed benzo-lactic acid (HO, CgoHyOy), by heat- 
ing the two acids together to about 360°. It is analogous in pro- 
perties to its homologue benzoglycollic acid. 

2. Essence of Cummin, — Cuminic Series, 

(1217) Hydride of Cumyl ; Essence of Cummin H) : 

Sp. gr, of vttpour 5' 24. — The essential oil obtained by distilling the 
seeds of the Cuminum cyminum with water consists of a mixture of 
hydride of cumyl and of a hydrocarbon (0201114) termed cymole. The 
hydrocarbon is homologous with benzole (the hydrocarbon obtained 
by the distillation of dry benzoate of lime), and the oxidized por- 
tion is homologous with hydride of benzoyl. Hydride of cumyl is 
isomeric with essence of aniseed and of fennel. 

The two components of tlie oil of cummin may be readily 
separated by agitating this oil with a moderately concentrated 
solution of bisulphite of soda : a crystalline compound is thus 
formed which yieldt; the -pure hydride of cumyl M hen heated with 
a solution of potash and submitted to distillation. 

Hydride of cumyl boils at 428®, and may be distilled unaltered 
in vessels from which air is excluded, but if exposed to the air it 
quickly absorbs oxygen and becomes brown, producing cuminic 
acid and a resinous compound. Oxidizing agents, such as nitric 
and chloric acids, also convert the hydride of cumyl into cuminic 
acid : if it be treated with hydrate of potash, cuminate of potash 
is produced, whilst hydrogen is liberated. 

(1218) Cuminic acid (HO, CaoHuOg), may be prepared by 
decomposing cuminate of potash with hydrochloric acid. It crys- 
tallizes in colourless plates which emit an odour resembling that of 
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the common bug {cimex lectularius), Cuminic acid is fusible, and 
may be distilled unaltered at abobt .500®. It is sparingly soluble 
in water, but freely so in alcohol and in ether. Fuming nitric acid 
converts^ it into nitro-cuminic acid. If distilled with an excess of 
caustic baryta it yields a hydrocarbon (CigHja) termed cumole 
which is liornologous with benzole. Cuminic anhydride may be 
obtained by decomposing dry cuminate of soda with oxychloride 
of jdiosplionis. ^ 

The cnininatcs are monobasic; cuminate of baryta (BaO, 
C20H11O3) forms, beautiful iridescent plates: cuminate of silver' 
white, insoluble, and anhydrous ; it speedily blackens by expo- 
sure to light. 

(1219) Cuminic alcohol (C20H13O, HO ; Kraut) may be obtained 
by treating the essence with an alcoholic solution of potash in the 
manner directed for preparing benzoic alcohol (1211). It is a 
colourless oily liquid of an aromatic odour and burning taste : 
it boils at about 470®, and may be distilled unchanged. It does 
not absorb oxygen when exposed to the air. When heated with 
hydrate of j)ottisli it yields eyniolc an/l cuminic acid. It does not 
form a colligated acid wdth s'ulphuric acid. Cuminic alcohol is 
isomeric with the oxidized conij)oucnt of oil of tliymc. 

(1220) Cumyl — When hydride of cumyl 

is treated with potassium, liydrogen is evolved, and cumylide of 
potassium (CooHjiGo, K) is formed, constituting a gelatinous mass, 

I equivalent of wdiieh rapidly absorbs 4 equivalents of oxygen from 
the air, and is coimn'tcd into cuminate of potash. Water decom- 
poses it into hydrate of potash and hydride of cumyl. When 
the cumylide of potassium is heated wdth chloride of cumyl, 
mutual decomposition occurs, and cumyl is formed : — 

Ciimylifl. . .f rotassiiim. Chloride of Cumyl. Cumylide of Cumyl. 

C,,HnO,,K '4- C;jl~o7ci = KCl + 

Cumyl may be obtained from the result of this reaction by 
treating the mass first w ith a weak solution of potash, in order to 
convert any undccomposed essence of cummin into cuminate of 
potash ; and then agitating it with ether ; the supernatant ethereal 
layer which contains the cumyl in solution is dried over chloride 
of calcium, and heated gently to expel the ether, when pure cumyl 
is left. Cumyl presents the appearance of a viscous oil which is 
heavier than water ; when gently heated it emits an agreeable 
odour like that of the geranium. It is freely soluble in boiling 
alcohol, and cannot be distilled without undergoing decomposition ; 
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hydrate of potash converts it into curainate of potash, whilst a 
portion of oil of cummin is simultaneously produced : — 

Curayl. Hydrido of Cumyl. Cuminate of Patash. 

C^oHnOs, -f E: 0 ,H 0 H 

(i22i) Chloride of Cumyl or Cuminic oxychloride (C20HJ1O2, Cl); 
Bp, gr. 1*070. — This is a colourless mobile liquid which boils at 
about 495®, It is obtained by dfttilliug cumiiiic acid with per- 
chloride of phosphorus. 

Many other compounds of the cuminic series jnay be formed, 
analogous to those of the benzoic scries which have been already 
described. 

The homologous oils, Ci^jHyOa, II, and CiyH^Og, H, intermediate 
between hydride of benzoyl and hydride of cumyl have not as yet 
been discovered, but the acid corresponding to the first of these, 
the toluic (or toluylic), is known. It may be procured by oxidizing 
cymole by long-continued boiling with nitric acid which has been 
diluted with about six times its bulk of w ater ; and it is probable 
that by Piria^s process of trciiting the lime salt of this acid with 
formiate of lime [note, p. 462), the aldchyd (or the missing hydride), 
01^11702, H, would be obtained. 

3. Essence of Cinnamon, — Cinnamic Series, 

(1222) Oil of Cinnamon : Hydride of Chmarnyl (Cjy 11702, H). 
— Essence of cinnamon and essence of cassia consist cliiefly of 
hydride of cinnamyl, with a small proportion of a hydrocarbon 
isomeric with oil of turpeiitiuc. Tiie commercial essence has a sp. gr. 
varying between 1*025 from 430^" to 445"*. 

Hydride of cinnamyl is readily obtained in a state of purity by 
agitating the crude essence with a :^olution of bisulphite of potash. 
The crystalline pro luct -•thus obtained must be pressed, washed 
with cold alcohol, and dried ; after wliich it must be dissolved at a 
gentle heat in dilute sulphuric acid : the hydride of cinnamyl then 
collects upon, the surface of the liquid in the form of a colourless 
fragrant oil. This oil is slightly heavier than w*ater; it rapidly 
absorbs oxygen from the air and becomes yellow, owing to 
the formation of a solid resin, mixed with cinnamic acid. Nitric 
acid combines with the hydride and converts it into a solid mass 
of crystals. This compound is immediately decomposed by water 
into nitric acid and free hydride of cinnamyl. Dumas made use 
of this fact in separating the hydride from its associated hydro- 
carbon. 
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If hydride of cinnamyl be boiled with nitric acid, abundance of 
hydride of benzoyl is evolved, and benzoic acid is found in the solu- 
tion. If the essence be boiled with chloride of lime, benzoate of 
lime is\‘T)roduccd. Chiozza has also made the interesting obser- 
vation tliat hydride of benzoyl may be converted into oil of 
cinnamon by dissolving the pure hydride of benzoyl in aldchyd, 
and saturating the mixture with hydrochloric acid gas : on the 
application of a gentle heat the liquid becomes brown ; and on 
afterwards proceeding to distillation, oil of bitter almonds first 
passes over, and then oil of cinnamon. Oil of cinnamon may, in 
fact, be regarded as hydride of benzoyl in which an equivalent of 
hydrogen has been displaced by an equivalent of acetyl (C4H3), in 
which case the reaction in the foregoing experiment might be thus 
represented; water being eliminated under the influence of the 
hydrochloric acid, which is not indicated in the equation : — 

Hydride of Honzoyl. Aldehyd. Hydride of Cinnamyl. 

c7j 150„1I + cJiA^i = + 2 HO. 

With ammonia the oil of cinnamon forms a crystalline 
solid termed ct uiihy dr amide y which is analogous to hydroben- 
zamidc : — 

Hydride of Cinnamyl, Cinubydramide, 

sTc.sIlAlij + 2 H,N = C~H,.A + (5 HO. 

Several chlorinated substitution compounds may be obtained 
from oil of cinnamon : one of these, chlorocinnose (C 18 II 3 CI 4 O 2 , H), 
crystallizes in white needles, which are fusible and may be 
volatilized without decomposition. 

( 1223 ) Cinnamic Acid (110, CigllyOa). — When hydride of 
cinnamyl is heated witli hydrate of potash, hydrogen is evolved, 
and tiunainatc of potash is formed : — 

Hydri.io t.l' Cinnamyl. Cinnamate of Potash. 

A + KO, HO = KO, + 2 H. 

This acid is contained in many balsams, such as those of 
storax, of tolu, and of Peru ; and it is sometimes deposited in 
old specimens of essence of cinnamon. It may be extracted from 
storax and from balsam of tohi after distilling off the portion 
which can be volatilized by distillation with water, by treating 
the residue with weak solutions of carbonate of soda ; the acid 
may be precipitated from the impure cinnamate of soda by the 
addition of hydrochloric acid. 

Pure cinnamic acid is soluble in boiling water, from which 
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it crystallizes in brilliant plates. Alcohol dissolves it with facility. 
It fuses at 264°, and at 560® it enters into ebullition, and may be 
distilled unaltered. 

Nitric acid converts it into nitro-cinnamic acid (HO/Ciglltj, 
NO4, O3) if care be taken to avoid heating the mass ; otherwise it 
is decomposed, and hydride of benzoyl is formed, which is con- 
verted, by eontinuing the action, into benzoic and nitro-beuzoic 
acids. If cinnamic acid be distilled with bichromate of potash 
and sulphuric acid it yields hydride of benzoyl. Wiicn fused 
with an excess of hydrate of potasli it is resolved, into acetic and 
benzoic acids, whilst hydrogen is liberated : — 

Cinnamic Acid. Acetate of Potash. Bonzoutc of Potnsh. 

HO, -f 2 (KO, HO) = fo, -f 2 H. 

These reactions clearly indicate a close relation bctwcicn ebi- 
iiamic and benzoic acids. Indeed, cinnamic acid may be regarded 
as benzoic acid in whicli one equivalent of hydrogen has been dis- 
placed by acetyl (CJI3) ; thus llO, = 110 , O,. 

The cinnamates are monobasic salts ; those of the alkalies 
are readily soluble and arc •crystallizable. A solution of these 
salts gives a yellow precipitate witli the pcrsalts of iron. 

If cinnamic acid bo intimately mixed with four times its 
weight of caustic baryta and distilled, it loses carbonic acid, and 
becomes converted into cinnaniolc, a hydrocarbon which bears 
the same relation to the cinnamic sci’ics that benzole does to the 
benzoic : — 

Cintiamie Acid, Ciunamole. 

HA 2 BaO = A,Hh + 2 (BaO, CO,). 

When cinnamic acid is distilled with perchloridc of phosphorus 
it yields a compound corresponding to chloride of benzoyl. It 
may be termed chlor,de^of ciunamyl, or ciauamic oxychloride 
(CisHA^Cl). 

(1224) Styrone ; Peravme ; Cinnamic Alcohol (HO, Ciglh^O). — 
This substance is procured by the distillation of styraein, or 
metacinnamene (C3(jHi304; 1226) with a concentrated solution of 
potash or of soda : a milky liquid passes over, from which on 
saturating it with common salt a whitish cream rises to the sur- 
face, and gradually solidifies. According to Toel, cinnamic alcohols 
may be obtained in beautiful silky needles, which have an agree- 
able odour of hyacinths : it fuses at 91°,* and may be distilled un- 
altered. Nitric acid liberates hydride of benzoyl from it. 

No ethers corresponding to this supposed alcohol have as yet 
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been obtained. When exposed to the action of atmospheric air 
tinder the influence of platinum' black it yields oil of cinnamon, 
the aldchyd of this alcohol (Strecker). 

(124'^ 5) The Storux from which the preceding compound is ob- 
tained is a gum-resin of the consistence of honey, and of a 
brownish-grey colour ; it has a powerful oppressive odour and an 
aromatic taste, and consists of a mixture of styracin, of cinnamic 
acid, of a peculiar resin, and bf styrolc, which is an essential oil 
isomeric with cinnamolc. 

Styrole (C](5Hy, Sp, gr. of liquid 0*924) is distinguished from 
cinnamolc by the remarkable change which it experiences on 
the application of a temperature of about 400®, when it becomes 
converted into a polymeric solid termed metastyrole, or draconyL 
In order to obtain styrole, three ])arts of storax, and one of car- 
bonate of soda, should be subjected to distillation with water; 
the alkali retains the cinnamic acid, and the styrolc passes over. 
It may be distilled at 294’* ; but during this operation the residue 
in the retort is apt suddindy to rise in temperature, and to be 
converted into mctastyrole. Styrole also comes over mixed with 
toluole, Avhen tlie resin terrneil dragon^s-blood (from the Dracama 
di'aco) is sulimitted to distillation. Styrole is a very mobile, 
colourless oil, endowed w ith an aromatic persistent odour, recalling 
that both ol* lienzoh^ and of naphthalin. treated with bi- 

chromate of j)otash and dilute sulidiuric acid styrolc is converted 
into benzoic acid. 

Meiasfyrole is polymeric with styrolc and with cinnamolc ; it 
is a colourless solid ol‘ high refracting power, and is destitute both 
of smell and taste. It softens on the application of heat, and 
may be drawn out into threads. It is insoluble in 'water and in 
alcohol, and is but very sparingly soluble in ether. When sub- 
jected to a high tem[)crature it may b;: distilled, and is re-con- 
verted into styrole ; and this liquid may be again reduced to the 
solid form ol* mctastyrole by li^jating it to 400^ in a sealed tube. 

( 1 226) Two other balsams, closely resembling storax, arc also met 
w ith as articles of commerce, viz., the balsams of Peru and of tolu. 

Balsam of Pern is a fragrant r(‘sin produced by several species 
of leguminous plants of the genus Myrospermum, It is sold in the 
form cither of a hard rcsi\»^ or of a black, semi-solid body, which 
contains a peculiar resin and two other closely related substances, 
viz. cinnamic acid, and meiacimiamene^ or styracin, 

Styracin (CggHjeO^,) is a crystallizable solid, which is freely 
soluble in alcohol and in ether ; it is polymeric with hydride of 
ciunamyl ; it fuses at 1 1 1®. When treated with potash it under- 
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goes a change analogous to saponification^ and furnishes cinnamic 
acid and styrone : — * • 

Styracin. Cinnam. Potash. Styrono. 

4- KO,HO = 

Balsam of Tolu is stated to he the produce of the Myrosperiniim 
toluiferum. It is met with in commerce,, in the form either of a 
rusty brown, semi-transparent resin, or in that of a soft, dark 
coloured, transparent balsam, of the consistence of turpentine, 
with a remarkably fragrant and agreeable odour. It is composed of 
the same substances as the balsam of Peru, but the proportion of 
styracin is much smaller. The solid resinous portion, according to 
E. Kopp, consists of two resins which have the composition of 
hydrated oxides of styracin: styracin being C3plTj^}0*|. ; resin a 
being 2 HO, ; and resin j3, 4 HO, When 

balsam of tolu is distilled, it yields benzoic ether and a hydro- 
carbon (Civile) termed toluole. 

4. Oil of Spi'rrea — Salicylic Series. 

(1227) Hydride of Salicyl ; Salicylous Acid (II, : Sp. 

gr. of liquid i’i73 j 4*276. — When the flowers of the 

meadow-sweet [Sjnrma nhnaria) are distilled with whaler they yield 
an essential oil which consists chielly of a fragrant compound 
termed hydride of salicyl , but which also contains a small (piantity 
of a hydrocarbon isomeric with oil of turpentine, and a crystalline 
substance analogous to camphor. If the essence be agitated with 
a solution of potash, the hydride of salicyl is dissolved, and can 
afterwards be separated by the addition of an acid. It is, however, 
generally obtained by the decomposition of salicin (123..I) by means 
of bichromate of potash : 2 parts of salicin and 2 of bichromate of 
potash are to be mixed w ith t 6 pans of water in a retort, and 3 
parts of oil of vitrioj dilirted with 8 of water are to be added ; a 
slight reaction commences, attended with extrication of heat, and 
a sparing disengagement of gas : as soon as this has ceased a 
gentle heat may be applied, and oil of spirsea passes over and 
collects in the receiver in the form of a heavy oil. Carbonic and 
formic acids are produced at the same time, whilst chrome alum 
remains in the retort. 25 parts of salicin yield about 6 of the 
essence.* 

Hydride of salicyl is a colourless oi^ which by exposure to the 
air speedily assumes a more or less intense red tint. It boils 

* Biichner states that the unexpanded flower buds of the meadow-sweet 
contain salicin, and this substance, during flow ering, by exposure to the air, 
absorbs oxygen, and thus furnishes hydride of salicyl. 
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at 360° (Ettliog), and becomes solid at — 4°. Hydride of 
salicyl possesses the properties of an acid ;* it decomposes the car- 
bonates with efferveseence^ and yields crystal lizable salts. It forms 
with pottash and soda both neutral and acid salts, which are per- 
manent when dry, but when moist they undergo spontaneous 
decomposition, and become black. The neutral potash salt 
(K, Ciillr/).!,, 2 Aq) is soluble in alcohol. The acid salt 
(K, (VJI.O, + II, Ci JI/)^) is sparingly soluble in water, but 
crystallizes from boiling alcohol in groups of delicate needles. A 
solution of salicylidc of potassium gives yellow insoluble precipitates 
with the salts of baryta, manganese, lead, silver, and with the 
salts of both tlic oxides of mercury ; salieylide of copper is of a 
green eolomr, but the most characteristic reaction of hydride of 
salicyl is the production of an intense violet colour with the per- 
salts of iron, which gradually disappears by exposure to the air. 

Ammonia transibrms hydride of salicyl into salhy dr amide, 
(1049). 

(1^28) Hydride of ChJoro-salicyl, or Chloromlicylotis Acid 
(II, Ci^lfj.Cl()|,). — This substance was formerly termed chloride of 
salicyl,* but its reactions show that it is more correctly regarded as 
salicylous a(;id in which an equivalent of hydrogen has been dis- 
jdaced by chlorine. It is [wocured by transmitting a current of 
dry chlorine gas tlirough oil of spirtea, gently heated : copious evolu- 
tion of hydroehloj’ic acid ensues, and as soon as this ceases to be 
evolved the transformation is complete; on allowing the mass to 
cool, the compound crystallizes. It may be dissolved in boiling 
alcohol, which deposits it on cooling in colourless, rectangular, 
glistening plates. It melts at a gentle heat, and may be sublimed 
without deeoTn])Osition. This substance is iiisolidde in water, 
but solubU* in ether and in oil of vitriol. The alkalies dissolve it 
and form crystallizablc salts. The chloro-salicylide of barium 
(Ba, Cj^4iiiC104, Aq) forms a yellow, crystalline, sparingly soluble 
powder. 

Corresponding compounds may be obtained, which contain re- 
spectively an ecpiivalcnt of bromine and an equivalent of peroxide 
of nitrogen, in the place of the equivalent of chlorine. These bodies 
likewise combine with the alkalies and form crystallizable salts. 


* Gorliardt has obiaiiu'tl a, oumjK>iind which app(‘ar8 to be the true chloride 
of salicyl (Ci4ll504, Cl) by the action of perchloride of phosphorus on oil of 
winter.-green. It is a fuming, slighth" coloured liquid, which evolves heat when 
mixed wdth water, whilst the chloride is converted into salicylic and hydro- 
chloric acids ; Ci 4H,04, Cl -h 2 ho = 110 , C, 411,0, -f HCl*. 
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(1229) be observed that hydride of salicyl is meta- 

meric with benzoic acid. It is^ however, supposed to be formed 
by the union of hydrogen with a peculiar radicle, termed salicyl 
(C14H5O4), which contains 2 equivalents more of oxygen fliaii ben- 
zoyl. Although neither salicyl nor benzoyl has been isolated, yet 
a compound of the two, saUcylide of benzoyl (CjiHgOa, C^UrjOJ is 
known ; this substance may be procured by the action of chloride 
of benzoyl on hydride of salicyl (Cahours) : — 

IJydr. Salicyl. Chlor. Benzoyl. Salicyl, Benzoyl. 

Gi A } , cyiA } _ 1 \ Jn 

II j Cl 3 ~ CniiA 3 )■ 


It is a yellow crystalline solid which fuses at 260^, and may be 
sublimed at about 356°. It is identical witli the parasalicyl of 
Ettling, obtained by the distillation of salicyl ide of copper. 

If hydride of salicyl be fused with hydrate of potash, hydro- 
gen is liberated, and a new acid is formed, which stands in the 
same relation to hydride of salicyl that benzoic acid does to 
hydride of benzoyl j thus : — 

Hydride of Salicyl. Salicylate of Potash. 

+ KO, no = KO, + 2 II. 

The following table gives a synoptic view of the principal 
compounds related to the oil of spiraea, embracing the compounds 
of the salicyl scries : — 


Hydride of salicyl 
(Salicyluus acid) 


Salicylidc of potassium Aq 


Acid do. do. 

Hydride of cliluro- 
salicyl . . • 

Clilorosalicylide of 
barium . . . 

Hydride of bromo- 
salicyl . • • 

Hydride of nitro- 
salicyl . . . ) 

Chloride of salicyl 
SaUcylide of benzoyl | 

(Parasalicyl) . • ) 

Salicylic anhydride 
SaUcylide .... 

Salicylic acid . . . 

Salicylate of potash — , „ 3, 

SaUcylate of copper) kO,C,.H.CuO,, 2 Aq 
and potash . . ) 

Dinitrosalicylic do. HO,C,^H3(N()4)jjOj 

Chlorosalicylic do. HO,C,db^p^h 

Diciilorosalicylic do. 


Ba,C,dbCJO,,Aq 

Il,C„JA„nr07 

h,c„H4,n 0^,04 
01,C,4H,()4 


H0,C,4H,0, 
KO, 0.411,0,, Aq 


I Oil of winter-greon ) CJIgOjC,..!!/), 

' (Saiif^lateof methyl / or 

I orOaulthericacid) ) H0,C,,,II,,(C,1T,,)05 
Oaultlierate of jjotash KO,C, ,114(0, 
j Gaultl) crate of methyl OglUjl 0,.,ll4((y'gH,)04 
; Salliydramide . . 043H,^g(.)e 

j Thiosalicole . . C,4HgOgSg 


Sallcin .... 0g..n,j,Oj4 

(dilorosalicin . . 0gjf,/;i(),4, 4 Aq 

Diclilorosalicin . 01^0.4, 2 Aq 

Trichlorosalicin . OggH.^OIgOj^, 2 Aq 
Hclicin . . . . *2 (0g„fl„,U,4) 3 Aq 

Helicoidin . Og^iJjgOj., Cg.jlJj.5t)j4, 3Aq 

Saligenin . . . 0,4H,,(>4 

Chlorosaligenin . C, 411,0104 

DichloTOsaligenin C,4H„(>'lg( >4 

Trichlorosaligenin 0.4 H501g04 

Saliretin . . . C,4llgOg 


Populin^r ) 4 Aq ; or 

Benzoyl-salicin . J 0ggH,,(C,4HjjOg)O,4, 4Aq 
Benzoyl -lielicin . . Og,.H,.^(0,4U50g)0,4 


Oouinariu . . . 


PART III. 


1 1 
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(1230) Salicylic Acid (HO, Ci4n505).-~This componnd may 
be obtained also by fusing hydrate of potash in a silver capsule, 
and adding salicin in small quantities at a time, taking care 
not to jsillovv the temperature to rise beyond 750°, On adding 
hydrochloric acid to the mass after it has been dissolved in water, 
salicylic acid is precipitated. The acid is also readily prepared from 
the oil of winter-green, by boiling it for a few minutes with a 
solution of caustic potash ; in this operation wood spirit is libe- 
rated, and on the addition of an acid, salicylic acid is precipitated. 
Coumarin (1236), .also yields this acid when exposed to similar 
treatment. It is likewise obtained by decomposing anthranilic 
acid (1287) with nitrous acid. 

Salicylic acid is sparingly soluble in cold water, but is readily 
dissolved by boiling water, from which it ciystallizcs on cooling in 
long slender needles. It fuses at 316^, and if pure, may at a higher 
tein])erature be su])lirned unaltered. When salicylic acid is distilled 
with an excess of lime, it yields carbonic and phenie (carbolic) 
acids : — 

Acid. Phonic Acid. 

-f 2 = 2 (Cab, CO.) + HO, 

The monobasic salicylates of the alkalies yield pure xdienic acid 
on distillation. 

Salicylates. — Salicylic acid forms compounds which arc in 
many ix'.spects anomalous. It is generally considered to be a 
monobasic acid, but it forms two distinct classes of salts, one of 
which contains one equivalent, the other two equivalents of base ; 
the acid, therefore, has been represented by the formula HO, 
CJ1.II5O5, as w (dl as by that of 2 HO, C14H4.O4. The monobasic 
..alts may preserved unaltered in a dry state, but they become 
brow n if exposed to the air in a moist condition. 

The soluldc^ salicylates arc cliaracteriacd by the property which 
they possess, of forming an inky blue precipitate when mixed w ith 
solutions of t))c persalts of iron. This colour disa})pcars on the 
addition of free hydrochloric acid. The anomalous character of 
the salicylates renders their constitution an object of consi- 
derable interest, and we shall therefore describe a few of these 
com})ounds. 

The monobasic salicylate of potash (KO, C14HUO5, Aq) crys- 
tallizes from its alcoholic solution in silky needles. Piria, 
(Liebig’s AnnaL xciii., 2^2), has obtained a double salicylate 


of copper and potash (KO, which crystallizes in 
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large emerald green plates. The ordinary s«alt (CaO, 

2 Aq) is very soluble, and crystallizes in octoliedra of great 
beauty. If a solution of this salt be mixed with a solution of 

lime in syrup, a dibasic salicylate of lime (CaO, 

which is sparingly soluble in .water, is deposited in hard crystal- 
line grains. The a(|ucous solution of tliis salt has an alkaline 
reaction, and is decomposed by Mie action of carbonic acid, car- 
bonate of lime being formed, and the monobasic lime salt being 
set free. A similar salt may be obtained with baryta ( 13 aO, 


Cj ()r,, 4 Aq) ; if licatcd to it loses 4 equivalents of water. 

AA'ith lead, salicylic acid forms throe distinct coinjuninds : the 
monobasic salicylate of (PbO, Aq) is a sparingly 

soluble salt, which is crystalline and has a silky lustre. If tribasic 
acetate of lead Ixi added to a boiling solution of this salt, •enilbasic 
salicylate of lead is deposited as a heavy, white, crystalline, an- 


hydrous powder (PbO, but if the solution be decom- 

posed by adding an excess* of ammonia, instead of the tribasic 
acetate of lead, the liquid wdicn boiled deposits a peniabasic lead salt 


(4 PbO, 

'FIk^so anomalies may be explained by suj)posing that the 
norm 111 salts of salicylic acid are monobasic, but that a second 
eijuivalent of hydrogen in the radicle of the acid admits of being 
dis[)laccd by a metal, thus giving rise to a series of salts which 
present the eharact(a*s of basic salts. 

(lerliaiiU has found [Ann, de Cbiniic, III. xlv. 90) that this 
second equivalent of hydrogen in the radicle is displaceable by 
benzoyl, and other (deetjo-neg.dive groups. TIkj mode of forming 
these comi)Ouiul.3 will be best understood afUa* the properties of the 
salicylate of methyl, or oil of wintergre-en, have been cle^eribc>d. 

( 1 23 i ) Salicylate of Methyl; Oil of JVinter-yreen, or Gauftheric 
Arid (CblliO, C,.Jlg()5= JIO, (iblhi) Ch) ; Sp. yr. of liquid 

1*18 j of vapour 5'42. — The liowers of the Gaaltheria procumhens 
furnish an ossenee consisting chiefly of salicylate of methyl, mixed 
with a small proportion of a hydrocarbem, termed gaultherilene^ 
which is isomeric with oil of turpentine. This hydrocarbon boils 
at 320°, and constitutes the more volatile portion of the essence; 
the salicylate of methyl is ])rocured by collecting separately those 
portions which conic over after the boiling point has risen to 432°, 

I 1 2 
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at which point it continues stationary. It may also be obtained 
artificially by distilling a mixture of 2 parts of crystallized 
salicylic acid, 2 of anhydrous wood spirit, and i part of oil of 
vitriol, r 

In whichever mode it is obtained it presents the appearance of 
a colourless or yellowish oil, of a powerful, agreeable, and per- 
sistent odour. It is sparingly soluble in water, and its aqueous 
solution acquires a violet tint wlren mixed with a persalt of iron. 
Several substitution products, containing chlorine, bromine, and 
peroxide of nitrogen, may be obtained from the essence. 

Salicylate of methyl is metameric with anisic acid ; it possesses 
feeble acid properties, and if mingled with a cold concentrated solu- 
tion of potash it beeomes converted into a crystalline mass, termed 
ffaultherate of potash (KO, Cj JI,. (C3II3) OJ, which may be obtained 
in a state of purity by recrystallization from alcohol. This salt is 
completely soluble in water ; on the addition of an acid to the 
aqueous solution the salicylate of methyl is separated unaltered, 
but if the solution be heated with an excess of alkali, wood spirit 
is liberated, and a salicylate of potash is formed. The essence of 
gaulthcria may be regarded as existing in this compound in the 
form of salicylic acid, in which an equivalent of hydrogen has been 
displaced by an equivalent of methyl. If the solution of gaul- 
therate of potash be mixed with salts of baryta, of Icac^ or of 
mercury, insoluble gaidthcratcs of these bases are precipitated. 

* (1232) Other Ethers of Salicylic Acid . — The other ethers of 
salicylic acid also present the j)roperties of acids, and Cahours has 
made the singular discovery that they may be again cthcrified ; 
thus a gaultheratc of methyl (CgHgO, (C2H3) O5) may be 

procured, which it will be observed corresponds exactly with the 
dibasic salts of salicylic acid ; the dibasic lead salt, for instance, 
being (FbO, (Pb) O5). The salicylic ethers may be acted 

upon by chlorine, so as to yield substitution compounds, but the 
action of chlorine upon these ethers is anomalous. In the case 
of the compound ethers generally, the ethylic, or mcthylic portion 
is that which is first attacked, but in the salicylic ethers, it is the 
acid constituent which first experiences the displacement of its 
hydrogen, so that the first step in the reaction is the formation of 
a cblorosalicylic ether. 

Induced by considerations arising partially out of these facts, 
Gcrhnrdt was led to attempt the formation of ethers in which 
the salicylates of methyl and of ethyl should act the part of an 
alcohol ; and he succeeded in obtaining compounds corresponding 
to the ethers ; — thus, if chloride of benzoyl (benzoic oxychloride) be 
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TTiade to act upon oil of gaulthepa, a compound is obtained, termed 
benzoate of methyUsalicyl (Ci4H4, 03113,05, Ci^IIgOa), which crystal- 
lizes in rhombic prisms : — , 

Salicylate of Methyl. Chlor. Benzoyl. Benzoate of Methyl-salicyl. 

c,,h,(c,ii7oT^ n, 

H + a ] - (C,jr,(X) + Cl' 

and by employing an oxychloridp of a dibasic acid, such as the 
succinic, a dibasic ether, succinate of methyl-saVicyl [2 
C2II3, O5), Cyll^O^.] may be formed, and olitained crystallized from 
its alcoholic solution in fibrous rectangular jilates*. 

(1233) ^CLli'Cyltc anhydride (CjillgOr,, may be pro- 

cured by the action of oxychloride of phosphorus on diy sali- 
cylate of soda ; at the same time a (quantity of saUcylide (C^yHyOy) 
is produced. The latter body is analogous to lactide (1104); 
it contains two equivalents of water less than are present in sali- 
cylic anhydride. Both salicylide and salicylic anhydride are rapidly 
converted into ordinary salicylic acid, when heated with a solution 
of potash. 

When salicylic acid is Swallowed, a portion of it finds its 
way into the urine, but it liccoincs converted into a crystal- 
lizable colligated combination of glycoeinc, termed salicyluric acid 
(HO, Ci|^IyN07) by a process analogous to that which converts 
benzoic acid, under similar circumstances, into hippuric acid. The 
solutions of salicyluric acid give a violet colour with persalts of 
iron. When boiled with concentrated hydrochloric acid, salicyluric 
acid splits up into salicylic acid and glycocinc. 

Portions of the hydrogen in salicylic acid may be displaced by 
chlorine and by bromine, forming cldoi'osaUcylic and dlchlorosali- 
cylic, hroniosalicylic and dihrotnosalicyiic acids. A mixture of 
hydrochloric acid "nd chlorate 01 ])otash converts salicylic acid into 
chloranile (pcrchlorokinone) Ch^Cl^Oj. 

Fuming nitric acid converts the salicylic into nUro-salicylic 
(indigotic or anilic) dcid, (n0,Ci4ll4,N04,0.r,), and by i)rolonged 
digestion with it furnishes carbazotic acid (HO, (N()4)3 O). 

Nitrosalicylic acid may also be obtained by adding indigo in small 
quantities at a time to boiling nitric acid, which has been pre- 
viously diluted wdth ten or tw elve parts of water : as the liquid 
cools the acid crystallizes. It is sparingly soluble in cold water, 
bgt freely so in boiling water and iiF alcohol : it fuses easily, 
and may be sublimed unaltered at a gentle heat. Its solutions 
when mixed wdth the persalts of iron give a red colour. With 
salts of lead it gives a pale yellow voluminous precipitate (PbO, 
Ci^H^NO^, O5, Aq). The salts of potash and of ammonia may be 
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obtained in orange-coloured silky ^jieedles. A dinitrosalicylic acid 
[HO, C14II3 (NOJaOs] may also be formed. 

(1234) Salicin (C2(iIIi80i4). — This substance has been made 
the subject of a scries of interesting researches by Piria [Ann, de 
Chimiej II. Ixix. 281, and III. xiv. 257). Salicin is contained in 
the bark of most of the willows, and confers upon them their pe- 
culiar bitterness. It is procured by adding to an aqueous infu- 
sion of the bark, hydrated oxide of lead, by which the tannin and 
colouring matters arc removed, and then on filtering and evapo- 
rating the liquid the salicin is obtained in crystals. It is soluble 
in five or six parts of cold water, and is still more readily dissolved 
by alcohol. These solutions exert a left-handed rotatory action 
upon a ray of polarized light. A solution of salicin is not precipitated 
by infusion of gelatin, nor by one of tannin, but with an amvnouiacal 
solution of acetate of lead it yields a i)rccipitate consisting of 
CA2^;ni4Pb.tOi4. When salicin is moistened with strong snl[)huric 
acid it acquires a deep red colour, and a compound acid is formed 
which lias liccm termed sulpho-rnfic acid. 

When salicin is boiled for a few minutes with dilute sulphuric or 
hydrochloric acid a rc^markablc change occurs ; grape sugar is found 
in the solution, and, on neutralizing the acid, the liquid strikes a 
very intense blue with thcjicrsalts of iron, owing to the pi#sencc of 
saligemn (Ci^lIyO.^). On agitating tlie solution with ether, the 
saligcnin is scjiarated, and may be obtained on cvajxu’atiou crystal- 
lized in pearly tables, which fuse at 180®. A similar transformation 
is effected when .saliimi is mixed with a solution of synaptasc 
[note p. 407). The change which occurs may lie thus represented: — 

Salicin. Saligcnin. GJiucose. 

+ 4110 = Cj 4 h 7)4 + . 

By heating saligcnin carefully in close vessels two equivalents 
of water arc expcljed, and a resinous body named saliretin (Cullj-O^) 
remains. The same effect is produced by boiling salicin or salige- 
nin for some time with a dilute acid ; the solution becomes turbid 
and deposits the resin, Avhich is insoluble in water, but soluble in 
alcohol, ether, and concentrated acetic acid. It acquires a red 
colour when moistened wdtb oii of vitriol. 

When salicin is lieated to 248° it fuses, and at a higher tem- 
perature is completely decomposed. If heated with hydrate of potq^ph 
it is also decomposed, and oxalate and salicylate of potash are formed. 
Concentrated nitric acid converts salicin into oxalic and carba- 
zotic acids. If salicin be boiled with sulx)hurie acid and peroxide of 
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manganese, formic acid is the principal product. But the most 
interesting transformation of Mhieh it is susceptible is that pro- 
duced by chromic acid : — if i part of salicin be mixed with i part 
of bichromate of potash, of sulphuric acid, and 20* parts of 
water, on the application of a gentle heat formic and carbonic 
acids are produced, whilst a fragrant oily liquid distils over with 
the vapour of water, and condenses in the receiver ; it has exactly 
the odour of the meadow-sweet or the heliotroi)e, and analysis has 
proved it to have the same composition (Cj^lbtOji.) as the essential 
oil of these plants. Both saligenin and saliret^n also yield oil of 
spinea when treated with bichromate of potash and sulphuric acid, 
the change eflected being simply one of oxidation : — 

Sali{;eMin. Oil of Spirioa, 

+ O, = n, Ci,lI.o7 + a no ; and 

Salirotin. 

+ o, = h7c3w- 

Chlorine proiluces three dilTci'cnt substitution products with 
salicin; viz., C.^(^lIj7C10it; C2(.lT|({C1^0i4 ; and When 

digested with omulsin they each furnish a corresponding chlorinated 
form of saligenin (sec table, p. 48 1), and if boiled with dilute acids 
each yields a corresponding chlorinated form of salirctiu. 

Helicin 2 (CafiUKjOji.), 3 Aq. — When one part of salicin is 
digested without the ajiplication of heat in 10 jiarts of nitiic acid 
of sp. gr. im6o for twenty-four lioiirs, it liccomes gradually dis- 
solved, and loses 2 equivalents of hydrogen ; the solution acquires 
a yellow colour, and crystals of helicin arc deposited : the mother 
liquor must be removed by subuiittiug tlic crystals to pressure in 
linen, after which tlu’y must be washed with coin w\ater and with 
ether, which leaves them in n state of purity. Helicin crystallizes 
ill small delicate eoioiiflcss needh^s, whicdi are very soluble in boil- 
ing water and in alcohol, hut not in ether. It has a bitterish 
taste; when heated to 2 1 2^ it loses its water of crystallization; 
it fuses at 347°, and is gradually d( composed, becoming couviTted 
into an insoluble resiuoid mass. Under the influence of alkalies, 
or of einulsin, helicin assimilates the elements of water and is 
converted into oil of spiraea, and glucose : — 

Oil of Spirira. Glucose. 

4” 4 ~ C^Hj>04 4* 

Dilute nitric acid also decomposes helicin, and liberates oil of 
spiraea. When boiled with dilute nitric acid, nitrosalicylic (HO, 
NO4, O5) and oxalic acids are formed. 
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Helicoidin (C52TI31O28, 3 — ^2eHi80i4^ C2eHi6®i4> 3 

a crystalline compound which is the result of the imperfect oxida- 
tion of salicin. It is prepared in the same manner as helicin^ but 
the specific gravity of the nitric acid employed must not exceed i *09. 

Both chlorine and bromine form compounds with hclicin, in 
which I equivalent of hydrogen is displaced by an equivalent of 
chlorine or. of bromine^ the formula of chlorohelicin being 
: it is decomposed by emulsin into glucose and 
cliloride of salicyL 

Nature of Salinn , — The foregoing observations and experiments 
appear to lead definitely to the conclusion that salicin must be re- 
garded as a colligated body derived from saligenin and grape sugar, 
Saligcniii is a substance wdiich readily undergoes transformations 
by chemical agents, being converted by sulphuric acid into a 
peculiar red compound, by nitric acid into carbazotic acid, and by 
other oxidizing agents into oil of spiraea. When salicin is sub- 
mitted to the action of chemical agents, the saligenin is the con- 
stituent which is first affected if these agents act with moderate 
intensity ; wdiilst the sugar cither remains in combination with the 
modified saligenin, as in the various forms of chlorosalicin, or it is 
set at liberty. If the reaction be more violent, the elements of 
the sugar also take ])art in the changes which arc effected : for 
example, when salicin is oxidized by chromic acid, the saligenin 
yields the oil of s[)inca., and the sugar produces formic acid. 

— This compound may be regarded as salicin, in which one equiva- 
lent of hydrogen has been displaced by benzoyl. It is found in the 
bark and tlu' leaves of the aspen (Populus tremula), and probably 
also in other varieties of the poplar. It is extracted by a process 
similar to that employed for salicin. Populin requires about 70 
parts of boiliiig water for its solution, and 2000 parts of cold water ; 
it is freely soluble in boiling alcohol. When crystallized from a 
hot aqueous solution it forms colourless, silky, extremely delicate 
needles, wdiich have a sweetish taste resembling that of liquorice ; 
these eiystals, if heated to 212^ lose 4 equivalents of w^ater ; at a 
higher temperature they are decomposed, benzoic acid being 
amongst the products. When bulled witli baryta water for a few 
minutes, a clear solution is obtained, and on separating the excess 
of baryta by means of a current of carbonic acid, the solution is 
found to contain salicin and benzoate of baryta : — 

Populin. Benzoate of Baryta. Salicin. 

+ HO.BaO = 
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When boiled with dilute acids popiilin is decomposed into a mix- 
ture of benzoic acid^ saliretin and glucose : — 

Populin. Benzoic Acid. Saliretin. Glucose. 

Cih^iG + 4no = 

Sytiaptasc is without action upon populin : concentrated nitric acid 
converts it into a mixture of nitrobenzoic, carbazotic and oxalic 
acids : dilute nitric acid convertsb it into benzoylhelicin, 
(Ci|Il5()2)Oj^. A mixture of bichromate of potash and sulphuric 
acid liberates oil of spiraia from populin in abundance. 

(1236) Comnarin (CiyllgOt)* — This substance found in the 
Tonka bean [Coumaronia odorata)^ in the common rnclilot, in the 
sweet scented vernal grass, to which much of the fragrance of hay 
is owing, and in several other sweet scented plants. Coumariu 
is most easily extracted from the Tonka bean by digesting the 
powdered seeds in alcohol ; on evaporating the alcoholic solution, 
crystals of cournarin arc obtained, and may bo purified by digestion 
with animal charcoal, and by rccrystallization. (k)umaT*in assumes 
the form of colourless rectangular plates, or of rhombic prisms 
with slightly rounded faces. *It melts at 122^, and boils at 518"; 
at which temperature it may be distilled unaltered. Its vapour 
has an agreeable aromatic odour. It has a })urning taste, and is but 
slightly soluble in cold water, though it is freely dissolverl by boiling 
water; the solution on cooling deposits cournarin in silky needles. 
Dilute acids dissolve it without alteration. Conccntrat(‘d nitric 
acid converts it at first mto iiitrocrjuriiarin (f \shl5(N04)()4), but by 
prolonged boiling it transforms it into carbazotic jicid. Substi- 
tution compounds containing chlorine and bromiiui may also be 
formed from it. One of its most singular compounds is obtained by 
heating cournarin with a soluti^^n of })crchloride of antin)ony in 
hydrochloric acid : gas is j)volvcd, and, as the liipiid cools, a canary- 
yellow precipitate (C|yll(.()j, SbCl^) is deposited in crystals. 

"When cournarin is boiled with a concentrated sohition of 
hydrate of potash it assimilates the elements of water, and is con- 
verted into coumaric acid, which combines wdth the potash : — 

Cournarin. Coumarate of Potash. 

+ KO, HO = 

Coumaric acid crystallizes in brilliant transparent plates, which 
may be obtained by decomposing a hof^ solution of coumarate of 
potash by hydrochloric acid. It fuses at about 374°; at a higher 
temperature it is decomposed, yielding a crystalline sublimate, and 
an oil which combines with potash, and reddens the persalts of iron. 
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When conmaric acid is fused with hydrate of potash, it is 
decomposed into acetate and salicylate of this base (Chiozza), 
whilst hydrogen escapes : — 

Coumaftc Acid. Acetate of Potash. Salicylate of Potash, 

HO, -f 2(K0, HO) = XO, C4H303"+ 2 H. 

5. Oil of Aniseed. — Anisic Series. 

t 

(1237) The essential oil furnished by the seeds of Pimpinella 
anisum, or common anise, of the Anethurn fmniculum, or fennel, of 
tlici lUicimn anisatum, or star anise, and of the Artemisia dracun-^ 
cvlus or tarragon, arc closely allied to each other ; they vary in 
odour, but all consist of two portions, one of which is a hydro- 
carbon isomeric with oil of turpentine, and the other is a solid 
crystalline oxidized comjiound (C2oH]202), which is convertible by 
oxidation into hydride of anisyl ((/J6II7O4, II). 

Solid Essence of Aniseed (C20II12O2) ; Sp. gr, of solid 1*014; 
of vapour 319. — crude essence of aniseed contains nearly 
four-fifths of its weight of this oxidized compound ; which may be 
separated by exposing the oil to a ‘low temperature, submitting 
the magma to pressure betiveen folds of filtering paper, and crys- 
tallizing the residue from hot alcohol (sp. gr. 0'85o). The solid 
essence thus obtained fuses at 65°, and boils at 43 2*^. This sub- 
stance when treated wdth chlorine or with bromine yields substi- 
tution compounds. 

When essence of aniseed is mixed with concentrated oil of vitriol 
it is dissolved, and a red solution is formed ; on the addition of water 
this solution is decomposed, and a substance termed anisoiney isome- 
ric with the solid essence, is precipitated in wdiite resinoid masses. 
A similar change is produced by treating the essence with bichlo- 
ride of tin or with terchloride of antimony. This modification is 
insoluble in alcohol, but is soluble in ctfier ami the essential oils : 
it is rather heavier than water, and is fusible above 212°. The 
oils of tarragon and of bitter fennel appear each to contain a dis- 
tinct compound which is isomeric with anisoine and with the solid 
portion of oil of anise ; the principal portion of essence of tarragon 
consisting of a modification which lioils at 403®, and requires a low 
temperature for its solidification. These bodies^ when oxidized, yield 
anisic acid, and other products which are identical with those fur- 
nished by oil of aniseed. « Oil of cummin is also isomeric with the 
solid essence of anise, but f;he products of its oxidation are different 
(' 217 )- 

If oil of aniseed be heated in a scaled tube to 430”, in contact 
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With a mixture of hydrate of soda and lime, a small quantity of 
an acid is formed^ which is isomeric with cuminic acid, but not 
identical with this compound. 

The action of nitric acid upon oil of aniseed gives rise to a 
series of compounds which have been particular!}^ examined by 
Cahours. They present a close analogy with the compounds of 
the salicylic scries. They may regarded as containing a radicle 
termed anisyl which may be viewed as a lioinologue of 

salicyl, or as a body in which one equivalent of hydrogen has been 
displaced by an equivalent of methyl ; thus — 


Salicyl . . Anisyl . . 

The principal members of the anisic group are — 

Hydride of anisyl .... H 

Anisic acid HO, CigllyOj,, O 

Chloride of anisyl .... C^jlIyO^, Cl 

Anisine t!4Qn2i,N20«. 

(i 238) Hydride of Antsy! (Cigll704, H) ; Sp. gr, i *09. — When oil 


of aniseed is acted upon by dilute nitric acid a reddish oil is ol)tained, 
consisting of a mixture of anisic acid and hydride of anisyl. A 
quantity of oxalic acid is always formed during its preparation, 
which may be explained by the following equation : — 

Esaonce of Aniao. Ilytlrido of Annyl. Oxidit* Acid. 

-f 120 = + 2liIa^)o -f 2 no. 

If the oil thus obtained be washed with a weak solution of potash, 
in order to remove ariisi(j acid, and be then cautiously distilled, the 
hydride. passes over in the form of an amber- coloured liquid, wliich 
has an aromatic od(Hir rescmiding that of new hay. Hydride of 
anisyl is homologous witli oil of spiriea. It boils at about 490° ; it 
is freely soluble in alcohol and in ether, but insoluble in w ater. Sul- 
phuric acid dissolves it and forms a dark red licjuid, from w hich on 
dilution with water the oil is separated unaltered. Hydride of 
anisyl forms crystalline compounds with the bisulphites of the 
alkalies. 

Ammonia converts the hydride of anisyl into anishy dr amide ^ 
3 (CieHsOJ -h 2 H3N = (C^lia^NA) + 6 HO. If anishydramidc 
be maintained for two hours at a temperature of 330° or 340°, it 
fuses and becomes converted into an isomeric base, termed anisine. 
This body is soluble in alcohol, but scarcely soluble in water or in 
ether. Its alcoholic solution has a strong alkaline reaction and a 



492 


ANISIC ACID ANISOLE. 


bitter taste ; it deposits the alkali in colourless prisms. The salts 
of this base may b(3 obtained in crystals. 

(1239) Anisic Acid (HO^ CiellyOg). — This substance is iso- 
meric witli salicylate of methyb and has the composition of a 
homolo^uc of salicylic acid. It may be obtained by boiling oil of 
anise with nitric acid (of sp. gr. 1*20); a yellow resinous mass termed 
nitrmmidc (C^2(>^^io(N04,)202) is thus formed^ and the liquid on 
(jooling de])osits long, colourless, brilliant prisms of anisic acid. This 
acid is s('arccly soluble in cold water, but is freely soluble in boiling 
water, and in ah.oliol, and ether. It melts at 347°, and may be 
sublimed unaltered, condensing in white needles ; boiling con- 
centrated nitric acid converts it into nitranisic acid (HO, 
O5). The anisates arc monobasic; those of the alka- 
lies and of the earths are soluble and crystallizable : but those of 
lead, silver, and mercury are insohdile in cold water. 

Chloride of Anisyl Sp.gr. 1*261, is a colourless 

oil of a penetrating j)owcrful odour ; it is procured by distilling 
anisic acid with perchloride of phosphorus. It boils at 504°. 

(1240) Anisole ((^411^^02); Sp. yr. 0*991. — If anisic acid be 
distilled ivith an excess of caustic baryta, it yields a compound 
termed anisole, or phenomelhole : — 

AuiHic Acid. Anisole. 

IIO. 4 - 2 BaO = 2 (BaO, CO,) 4 - 

Anisole has the composition of phenate of methyl (C^II/), CigllgO). 
Cuhoiirs has obtained it synthetically by decomposing iodide of 
methyl with phenate of potash (1324) : — * 

Iodide of Methyl. riienate of Potash. Anisole. 

Anisole is a colourless liquid of an aromatic odour; it boils at 
306"^, and is soluble in water as well as in alcohol and ether. When 
treated with luruiiig nitric acid, substitution compounds are ob- 
tained, which may contain i, 2, or 3 equivalents of peroxide of 
nitrogen. Nilranisole (C|4,n7N04^, O^), when treated with an alco- 
holic solution of hydrosulphatc of ammonia, yields a base termed 
anisidine (C14H9NO2), whilst sulphur is deposited ; and if dinitrani- 
sole be similarly treated, a nitrous base, nitr anisidine, is obtained : — 

Dinitranisole. K itrani^idine. 

4- 6HS = (NOJJNOj 4- 4 HO 4“ 6 S. 
Nitranisidine crystallizes in long brilliant needles, which are of a 
reddish brown colour : it forms well defined, crystallizable salts 
wdth sulphuric, nitric, and hydrochloric acids. If trinitr anisole 
^4)3^2) be treated with hydrosulphate of ammonia, it 
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f^ields a third base^ dmitranisidine (Ci4n7(N04)2N02), the salts ot 
which, however, are very unstable, and arc decomposed bv tx)utact 
with water. Nitranisidine when treated with the chlorides of 
benzoyl, of cinnamyl, and of ciimyl, yields new compounds, in 
which benzoyl, cinnamyl, and ciimyl are substituted for hy- 
drogen, and compounds analogous to benzamide arc produced ; 
for example : — 

Nitranisidine. Chloride of BonKoyl. • Benzonitranisamide. 

C^II„No 7 n 02 -h = C^lTy, Cj,lT,0,, IICl. 

Experiments of tliis nature ])rescnt an inten^st in ^oiiiu'xiou witli 
the question of the artificial formation of the natural organic bases; 
the empirical formula of benzonitranisamide 
seiiting considerable resemblance to that of some of the natural 
alkaloids. 

(C.) *Esserdial Oils which contain Sulphur. 

(1241) The Alta'l Series. — The basis of all the oils of the 
sulphuretted essences which have been accurately examined is the 
hydrocarbon termed allyl (C(;ll5). Oil of garlic is a mixture of 
oxide with sulphide of allyl; and the oils of onions, and of 
assafoetida, and many of the asphodelcre and cruciferre yield similar 
oils ; the essential oils of mustard, of horse-radish, and of scurvy 
grass consist chiefly of suljjho- cyanide of allyl. 

The allyl scries has recently been invested with ik'w interest 
by the labours of Bcrthclot and Be Luca, who have succeeded in 
preparing the iodide of alhjl, or iodized proi)ylcnc, as they term it, 
by decomposing glycerin with Inuiodidc of pliosphorus {1147); a 
discovery which in tlic hands of these chemists {Coniptes Rendus, 
Feb. 4, 1856), and in those of Hofmann and Cahours {Proceedings 
Roy. Soc., Feb. 7, i<S56) lias led to the formation of numerous 
derivatives of ally! and Wis demonstrated the intimate connexion 
of these compounds w ith acrolein and the products of its oxida- 
tion. It will be necessary briefly to describe some of the compounds 
of this scries. Hofmann and C'^ahours have indicated this connexion 
by calling the scries the acrylic scries ; but, probably, most chemists 
will prefer to apply the older and less ambiguous term. In the 
dcscrixition which follows they will therefore be denominated by 
terms indicative of their relation to allyl. 

(1242) Allyl (Cells, Ct,H5) Sp. gr, of liquid 0*684; of vapour 
2'g2 . — ^Wheu iodide of allyl is treated w^th sodium it is decom- 
posed, iodide of sodium is formed, and allyl is liberated in the 
orm of a very volatile liquid, possessed of a peculiar penetrating 
odour, resembling that of radishes. It boils at 138°, emitting 
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a vapour which burns with a very* luminous flame. It is miscibl^ 
with sulpliuric acid, the mixture being attended with great ele- 
vation of temperature, and on standing for a few hours it gradually 
separates in a modiflcd condition. 

Allyl is immediately attacked by chlorine, bromine, and 
iodine, with which, it forms compounds to which the formulae 
C^jIlgCU, CoIJ5l3r2, and CCH5I2, have been assigned. It is, how- 
ever, probable that these bodies are not true compounds of allyl 
with two equivalents of the halogen, but substitution products, 
perhaps of the form C(jIl4CI, II Cl, analogous to Dutch liquid. This 
point could be ascertained by examining the action of potash upon 
them. 

(1 Z43) AJhjUc Alcohol (CJI^O, IIO). — When iodide of allyl 
is digested with oxalate of silver, violent action takes place, double 
dceom[)ositioii occurs, in consequence of which .oxalate of allyl, 
and iodide of silver arc produced : — 

loilide of Allyl. Oxulate of Silver. Oxalate of Allyl. 

-f = 2AgI + 

Tlic oxalate of allyl or allyl-oxalic ether, is an aromatic liquid 
which boils at 404®: when treated with ammonia it yields oxamide, 
and allyl ic alcohol : — 

Oxalate of Allyl. Ally lie Alcohol. Oxamide, 

o,c~o, 4- 2H3isr = ho) 4- 

Ally lie alcohol is jioly meric with acetone, and with propylic 
aldehyd, but it ditters from them in properties. It mixes with 
water in all proportions : it is inflammable, and burns with a 
luminous flame. When treated with potassium, hydrogen is evolved, 
and potassium-ally l-alcohol (CellsO, KO) is obtained in the form 
of a gelatinous mass. 

A Hylic alcohol when mixed with sulphuric acid unites with it, 
and forms sulphalhjHc acid (IIO, C6Tl50,S.^0ti) which corresponds 
with the sn!|)hcthylie. It is the vinic acid of the series. 

(1244) 0^7^^ of Allyl; Ally lie ether (C^HgO, CellgO) When 
the compound of potassium with allylie alcohol is mixed with 
iodide of allyl, violent action occurs ; iodide of potassium is formed, 
and allylie ether is produced, by a decomposition analogous to 
that which attends the formation of ordinary ether when sodium- 
alcohol is treated with iodide of ethyl, (p. 150.) 

Votassium 

Iodide of Ally 1. Allyl Ale<|?ioI. Allylie Ether 

- ^ 1 °. = 
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Bertlielot and De Luca state that oxide of allyl may also he 
formed by distilling iodide of aJlyl with red oxide of mercury. 
It is lighter than water, has an ethereal odour resembline: that 
of radishes, and boils between 185° and 190°. 

Oxide of allyl appears to exist ready formed in small quantity 
in oil of garlic, and in some other oils which resemble it. Wer- 
theim also states that it may be obtained by decomposing oil of 
mustard by distillation in a closed* tube with hydrate of soda and 
lime, but the decomposition of the sulplioeyanidc of allyl tlm< 
effected is slow and imperfect. It enters into direct combi- 
nation with nitrate of silver, and forms a compound 
AgO, NO5) which may be obtained by mixing rectified essence 
of garlic with an excess of a concentrated alcoholic solution of 
nitrate of silver: in the course of twenty-four hours a black 
deposit of sulphide of silver is formed ; the liquid must be hoik'd, 
and filtered; on cooling, tlic compound of oxide of allyl 
with nitrate of silver crystallizes in brilliant colourless radiated 
prisms, which are freely soluble in water, but sparingly so in 
cold alcohol. If this body be dissolved in ammonia, oxide of 
allyl is set at liberty. 

A double allylic ether has also been formed by decomposing 
iodide of allyl by an alcoholic solution of potash ; in which ease 
allyUethylic ether (C(jTIr,(), C.tll^O), a liquid vvliich boils at 144^*5 
is produced. AliyUamy lie ether (("(.H/), CjoHnO) may be obtained 
by substituting a solution of potash in fousel oil for the alcoholit: 
solution of potash used in the previous experirnent. It boils 
at 248°. 

Hofmann and Cahours have obtained the same compounds by 
decomposing potassium-allyl-alcohol by iodide of ethyl, and by 
iodide of amyl. 

(1245) ^hloridi of AJlyl (Cyll^Cl) is readily obtained by dis- 
tilling allylic alcohol with chloride of phosphorus, and the 
bromide (CgllriBr) may be obtained with equal facility by distilling 
the alcohol with bromide of phosphorus, 

(1246) Iodide of xillyl ; Iodized 'propylene (Cjjllgl); Sp, 
gr. of liquid 1*789. — This interesting compound is obtained by 
the action of (U]ual parts of biniodide of phosphorus and glycerin 
upon each other (1147). It is a colourless liquid, insoluble 
in water, but soluble in alcohol and in ether ; it has an 
ethereal, somewhat alliaceous odour ; Vhen exposed to air and 
light it rapidly becomes brown; it boils at 214°, and may be dis- 
tilled unaltered. Iodide of allyl is decomposed by digestion with 
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an aqueous solution of ammonia^ and on distillation with potash a 
volatile base of a fishy ammoniacal odour is formed, probably 
allylia (CoIl7N=C«Il5, H2N). 

(1^47) Sulphide of Allyl (CgHgS). — This compound is con- 
tained in various essential oils, particularly in those of garlic, of 
onions, of leeks, of cress, of radishes, and of assafoetida. 

Essence of Garlic , — When the cloves of garlic are distilled with 
water, a brown heavy foetid oil passes over, constituting little more 
than 0*2 per cent, of the fresh root. It is partially decomposed 
by redistillation^ by an open fire, but if rectified from a bath of 
salt water about two-thirds of the oil may be obtained in the form 
of a yellowish liquid which is lighter than water, and which, when 
treated with chloride of calcium, and subsequently distilled from 
fragments of potassium, furnishes pure sulphide of allyl. The 
crude oil appears to contain portions of oxide of allyl, and of a 
higher sulphuretted compound of allyl which becomes decomposed 
during the distillation. 

The essence of assafadida contains a larger proportion of 
sulphur than that of garlic ; it spontaneously evolves sulphuretted 
hydrogen, and cannot be redistilled without undergoing decom- 
position. 

Sulphide of allyl is a colourless oil wdiieh is lighter than 
water ; it has a high refracting power ; its odour is less repulsive 
than that of crude oil of garlic. It may be distilled without under- 
going decomposition; concentrated nitric acid converts it into 
formic and oxalic acids, w hilst the sulphur is oxidized. Cold sul- 
phuric acid dissolves it with a purple tint, but the oil is separated 
unaltered on dilution. It is rapidly dissolved by hydrochloric acid, 
and the mixture acquires a deep blue colour wdiieh disappears 
on the addition of water. Solutions of the alkalies do not de- 
compose the sulphide of allyl. < 

Sulphide of allyl causes a precipitate in many metallic solutions, 
such as ibose of silver, mercury, gold, platinum, and palladium, 
but it does not precipitate the salts of lead or of copper. The 
nitrate of silver gradually decomposes it, sulphide of silver being 
formed, and the compound of oxide of allyl and nitrate of silver 
(]244) is produced. A peculiar sulphuretted compound of allyl 
with chloride of mercury is obtained by mixing alcoholic solu- 
tions of the sulphide of allyl and of corrosive sublimate; an 
abundant white precipitate is formed (CgHgS, 2, HgS 4- CgHgCl, 
2 HgCl). When this compound is distilled with sulphocyanide of 
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potassium it is decomposed, niid oil of mustard mixed with sulj)ludc 
of allyl is amongst the products : — 

Sulphopy. Potass. 

(CjHAsHgS + CoHjCl, 2HgCl) + 7 ^C,NS,,) = 3 KOI + allgS + 

8ulpho(?y. Mere. EaHonct* of Garlic. of ^lustai d. 

2(ig,c,T^s,) + cvi3 + ^VnT^cyvs,; 

in this reaction the double c;lilorwlc of ineiTuiy and allyl is alone 
acted upon by the sulpliocyauidc, cldoride of potassium and sulpho- 
eyanide of mercury being formed, whilst tlie snljibide of allyl 
passes over unaltert'd, aecoin])anied by tlie oil of* mustard, leaving 
sulphide of mercury in tlu^ retort. 

(1248) Essence of Mustard; Sulphoctjanide of uMtijl (C,,!!-, 
C2NS^) : ^p. yr. of If (pad roio ; of vapour 354. — This compound 
constitutes the principal ])Ortion of the essential oil of mustard, from 
which it may be obtained in a state of jinrity by simple redistilla- 
tion ; this operation frees the c^sscuce from a brown resinous 
matter with which it is usually contaminated. '^Fbe ])Ling(‘ncy of 
the horseradish, of the scurvy grass, and of one or two other allied 
plants is also due to the sulphoeyanide of allyl. Jlertbelot and 
De Luca made tlie iiitcj‘(‘sting observation that when iodides of allyl 
is distilled with sulphoeyanide of potassium, an oil is i'ormed 
identical with essence of mustard — an observation which a Honied 
the first indication of the intimate relation subsisting between 
the allylic scries and that of glycerin ; — 

loJiik* of Ally]. Sulj)})ocy. Potsusn. JCssciu’c of MuKtard. 

C^l + = (^1,, 4- KI. 

The seeds both of the bla(;k and of the wdiite mustard yield 
by expression a large quantity of a bland fixed oil, but they do 
not contain any essemtial oil r(;ady formed ; white mustard does 
not yield the su.[)hoeyaFiidc of allyl.* Tlie black mustard, how'- 

* According to 13 abo iiud ITirschbrunn, while muatard contains the 
hydro-sulphocyanate of a peculiar alkali, termed, si^utpinc, t V2I ^ bo* This 
base, ■when acted upon hy potash or soda, is de(*om])Os(‘d into siuff/dr acid, 
and anew alkali, termed sittku tine, ii\ the manner represented in the foIlov\ing 
equation, adopting the altered formula proposed hy Gerluirdl : — 

^mapiiie. Binaimle of Potash. Sinkuline. 

+ 2(Ko,no) = 27 {o, 4- + 2 no. 

An aqueous solution of sinapine has an intense yellow colour. Sinapine 
cannot be isolated in a pure condition owing^to the facility m ith which it is 
decomposed: it forms cry stall izable salts. The hydro-sulpljocyanate is ex- 
tracted from white mustard, after treating the dried flour successively with 
ether and absolute alcohol to remove the fixed oil and colouring matter, and 
tiien boiling the residue in alcohol of sp. gr. o‘825. After the solution has been 
FART 111. K K 



498 


OIL or MUSTARD ^THIOSINNAMINE. 


ever, contains the |)otash salt of a compound termed myronic 
acid, which is susceptible of a decomposition analogous to that 
experienced by amygdalin. This decomposition is not effected 
until tile crushed seed is moistened with water, a peculiar azotised 
ferment contained in the seed, and analogous to the synaptasc of 
the almond, is thus brought into action, and the essential oil is 
developed. The composition of myronic acid is not known. 

'f'lie essence of mustard is a colourless oil of a burning and 
painfully penetrating odour, which produces a copious flow of tears. 
If the essence be applied to the surface of the body, it speedily 
raises a blister upon the part. Essence of mustard is soluble in 
all proportions in alcohol, and in ether, but very sparingly so in 
water : if exposed to the air it absorbs oxygen and becomes brown. 
The purified essence boils at 298°; when hot it dissolves both 
sulphur and phos[)horus in considerable quantities, but, as the solu- 
tions cool, these bodies are again deposited in crystals. Oil of 
mustard can be converted into essence of garlic by heating it for 
some houi‘s in a si'aled tube, with sulphide of potassium, at a 
tcmi)eraturc of 2 50'^ : — 

Essoiiop of MuHlar*]. Kssonco of Garlic . Sulphocy.^Potaaa, 

+ 2KS = (cJj.S, C\.ri 3 ) + r(K,C,Ss^) 

(1249) mustard combines at once with arninonia, and 

forms a compound wliic^li enters into direct combination with acids 
like a true organic base; from its origin it has been termed 
iiiios'nirtarnine : — 

oil ol’ .Muslanl. Thioaimmrame. Snl})liiir('tlod AUylurea, 

or H.,'(C,HJN 7 c^s 7 . 

Thiosiimamine is the urea of the allyl series, but it contains 2 
ecpiivakmts of sulphur instead of 2 equivalents of oxygen. Sulpho- 
e^atiide of allyl also unites with other bases, such as cthylia, 
aniline, and naphthalidiiie, and forms analogous compounds. 


suflloicntly ooucontratod by evaporation, the salt is deposited in crystala*as 
the liquid cools. If the solution of this salt be mixed witli an alkali, it 
assumes an intense yellow colour, and 011 boiling the solution, and subse- 
quently adding hydrochloric acid in sligld excess, sinapic acid is deposited. 
If baryta water be used to decompose the salt of sinapine, the sinapic acid is 
precipitated as an insoluble sinapate of baryta, and sinkaline may be obtained 
from the solution. Sinapic acivl cryslallizcs in prisms ; it is sparingly 
soluble in cold water, verjf soluble in boiling alcoliol, and insoluble in ether; 
it fuses at a temperature aboye 300^ ; nitric acid dissolves it, and produces 
an intense red colour, 

Sinkaline may be obtained in deliquescent crystals, which absorb car- 
bonic acid from the air ; it is a powerful base, but readily undergoes decom- 
position. With bichloride of platinum it forms a magnificent double salt, 
which crystallizes in orange- coloured six-sided prisms (CjoHigNOo, HCl, 
PtClg -h 2 Aq). 
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If thiosiiinamine be triturated with red oxide of mercury^ 
water and sulphide of mercury sfve formed, and a new basic sub- 
stance free from sulphur, termed sinnatnine, is obtained : — 

Tliiosinnammo. Siimunnil'l’. 


+ 2 HirO = 2 HjrS -t- 2 HO -f 
Oxide of lead produces a similar decomposition. 

Sinnamiuo has been rcf^ardetl as a compound ammonia, in 
which one (;qui valent of hydrogen has been displaced by allyl, and 
a second equivalent by cyanogen, thus : — 


H 

= C,1J, 

C3N 


N ; or cyanallylia. 


Siniiamine is soluble in Avater, and may be obtained in j)risniatic 
crystals. It is a powerful base, and ex])els ammonia irom its 
salts. It occasions ])recipitates in solutions of lead, of iron, 
and of copper. Tlie oxalate of sinnarninc is the only salt which 
crystallizes readily; solutions of sinnamine which contain an excesvS 
of acid impart a yellow colour to a slip of deal. 

(1:^50) SlnapoUne (CnIlp^N202)» — usually formed 
by digcsthig essence of mustard upon liydrutod oxide of learl : — 


2(c,ii,ns 2) -f f;(Pbo, iroj = -f 4Pbs + 2(P})0. co,) + 4J10; 


but it may also be produced by llie action of wfiter ujjon allyl- 
cyanic ether, which will be immediately dc^scribcul. Sinapoline 
is a feeble base which crystallizes in brilliant gnaisy flakes from 
its solution in water: it fuses below 212'. Its aqueous solution 
occasions a precipitate in solutions of corrosive sublimate and of 
bichloride of platinum. 

(1250 A/a') Hofmann and Cahours have also obtained a variety 
of com[)Ound allylic ethers. The most intci'cstitig of tlu^se appear 
to be the oxalate a al the (^anate. The allyl-njanlc allwr or cyamte 
of allyl (Q^HqO, C2NO), is prepared by acting upon cyanate of silver 
with iodide of allyl ; the heat generated by the reaction is suflicient 
to cause the distillation of the ether, whilst iodide of silver remains 
in the retort. A colourless liquid is thus obtained wliicli boils 
at 1 90° ; its vapour possesses an intensely penetrating odour, and 
produces a copious flow of tears. When this ether is gently 
warmed with a solution of ammonia it is dissolved, and the solu- 
tion on evaporation deposits magnificent crystals of allylic urea : — 


Allyl-eyanic Ether. 


• Ally 1-urea. 

t — " • ■*' 


CJIsO, C2NO + H3N = H 3 (CoH 5 )N 2 , CA- 
A corresponding crystalline compound may be obtained if aniline 

K K 2 
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be substituted for ammonia. When allyl-cyanic etliel* is treated 
with water, carbonic acid is eliminated, and the ether is slowly 
converted into sinapoline (C14HJ2N2O2), which by its i)roduction in 
this manner is shown to be diallyUurea : — 

Allyl-cyanic Ether. Sinapoline. 

2 (o„ii” 6 . c,Not + 2no = c,d. + 2 co,. 

(1251) Alhjlia, — Concentrated solution of potash decomposes 
allyl-cyanic ether ; sinapoline is formed, and if the liquid be di.v 
tilled, aUylitty a basic substance which boils between 356° and 374°, 
passes over, mixed with methylia and tritylia. Allylia is the 
volatile alkali of the allylic series, which corresponds to ethylia 
in the ethylic series: — 

Allyl-cyanic Ether. Allylia. 

+ 2(KO,nO) = + 2(ZO, CO 2 ). 


The following tabic gives a synoptic view of the principal 
compounds in the allylic series : — 


Allyl . . . . 

Allylic alcohol . 

Allylic ether . 

Allyl-ethylic ) 
ether ) 

8ul|)liido of allyl 
Chloride of do. 

Bromide of do. 

Iodide of do. 

Sulphocyanido 
of do. . . . 

Sulphally lie acid 
AllyUoxalicether2Cv,Hr,< >, C/),-, 
Allyl -oxamic 
ether 


c,jT,, c,n, 
c,,n,o, HO 

C,1I,0 

Cr.lTr,0. JI5O 

C.H.Cl 

CJf,i3r 

CoH,l 

Cell,, aNS^ 

HO, C,H,0, S.O, 


Allyl-carbonie 

ether 

Allyl- acetic 
ether 


C,H,0, H,N, 
2C«H,0, C/), 

C4H3O3 


Allyl-benzoic ) 
ether ) 
Allyl-cyanic } 
ether ) 
Allylia . . . 

Oyariallylia ) 
(sinnarnine) ) 
Allyl-urea . . 

Dial ly 1-urea ) 
(sinapoline) j 
Sulphallyl- "X 
urea / 

(thiosinna- f 
mine) ) 
Acrolein 
(acrylic al- > 
dehyd) ) 
Acrylic acid . 


CJI,0. 

C,H,0, CjNO 

<c,n„ c,N. n)N 

h,(C„h,)N2, ca 

A{C.njN, C,S, 

CAO,, H 
HO, C,H,0,. 


§ II. Resins. 

• 

(1252) These substances are produced by certain families of 
plants in considerable abundance, and they are also very numerous. 
They have a considei’able commercial value, and are extensively 
employed in the preparation of the different kinds of varnish. 
They are generally obtained by making incisipns into the wood of 
trees which produce them, \\ hen they exude in the form of a viscid 
liquid, consisting of the resin in solution in the essential oil of 
the plant. In the majority of cases they are formed by the 
oxidation of the essential oils contained in the trees ; hence it is 
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not surprising that ia many instances they hare the composition 
of oxides of the hydrocarbon G^Il32, or of a hydrocarbon derived 
from this, having lost a certain number of equivalents of hydrogen 
in exchange for an equal number of equivalents of oxygen. 

As a class, the resins are insoluble in water, but they are 
soluble in alcohol, especially when heated with it ; many of them 
may be obtained from this solution in crystals by evaporation. 
A considerable number of them possess acid characters, in which 
case their aleoliolic solutions redden litmus. The acid resins com- 
bine with the alkalies, and lernain soluble in alkaline leys ; these 
solutions, when agitated, produce a lather like that furnished by 
soap, but they are not precipitated like ordinary soap on the addi- 
tion of chloride of sodium. Like the essential oils, the natural 
resins are usually mixtures of two or more resins, which often 
admit of separation by their unequal solubility in dilicrent menstrua. 

The resins arc transparent or translucent brittle solids; they are 
insulators of electricity, and become negatively electric by friction ; 
they fuse at a moderate temperature, are very inflammable, and 
burn with a white smoky flafnc. If heated in close vessels they 
undergo decomposition, and yield various forms of hydrocarbon. 

Common rosin is tlius found to furnish the following products 
among others which have been less perfectly investigated : — 


Hydrocarbons. 

Formulfp. 

point. 

Spccilic Giravity. j 

Liquid, 



’ F. 

A apour. 

Terebono 


320^ 

0*86 

4-81 

Culoplieiie 


599° 

094 

Itesiueiii 

l{<?tinaplilha or Toluolo. 
Itolinylo or Cumolc* 


4 <S 2 ° 

22 ()^ 

0-86 

3 ' 23 

^'is n ]•> 

302^^ 

o‘87 

4*24 

Ri'tinole 


460'" 

O' 90 

7-11 

Niiplitlialin 


428^ 

4-528 

MoUinaphthalin . 


617° 



(1253) Common Rosin or Colophony , — When ordinary tur- 
pentine is distilled with water, it leaves a residue of rosin 
amounting to from 75 to 90 per cent, of the turpentine employed. 
There are two principal kinds of rosin in the market, a brown and 
a white resin. The brown variety is furnished by the Pinus abies ; 
it is an amber-coloured brittle solid, which consists of two distinct 
but isomeric resinous acids^ the sylvic ^iid pinic (IIO, C4„H2908 ; 
Laurent). Cold alcohol (sp. gr. 0*87) dissolves the pinic acid, which 
forms the larger proportion of the resin, and leaves it on evapora- 
tion as an amorphous mass. It may be purified from adhering 
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traces of a neutral resin by precipitating its solution in cold alcoliol 
by the addition of an alcoliolic solution of acetate of copper. The 
pinatCfOf co])per thus precipitated may then be decomposed by 
any acid. Wlien piiiic acid is heated to partial decomposition, the 
residue in the retort is found to consist of another isomeric resinous 
acid, the colophoHc ; it neutralizes bases more perfectly than pinic 
acid, and is much less soluble in alcohol (Unverdorben). 

The other constituent of rosin, sylvic acid, may be obtained 
from its solution in hot alcohol, in colourless rhombic prisms or 
plates, fusible at 260°. Its ethereal tolution expels carbonic acid 
from the alkaline carbonates. It forms with oxide of lead a salt 
which crystallizes in slender four-sided needles. 

White resin or rjalipot is obtained from Bordeaux turpentine, 
furnislied by the P'mus 'maritima, and consists almost entirely of an 
acid resin, the pimaric, which is isomeric with the preceding. 
This acid may be extracted by removing from the powdered resin 
the substances which are soluble in a mixture of six parts of cold 
alcohol and one of ether : the residue, if treated with boiling 
alcohol, deposits pimaric acid as it cools. When the alcoholic solu- 
tion of pimaric acid is evaporated, the acid is deposited in masses 
indistinctly crystallized. If this acid be mdted and allowed to cool, 
it yields a colourless glass as clear as crystal : this mcltcul resin 
when ])owdered is dissolved by an ecpial weight of ahiolud, but the 
solution thus obtaiiu'd, if l(;ft for a few minutes, suddenly begins 
to deposit elliptical (uystals, Avliich re([uire for solution ten times 
their weight of alcohol, and ])usscss all the ]m)pcrties of pimaric 
acid before fusion. Pimaric acid is* freely soluble in ether. If 
it be distilled in vc'ssels from which air is excluded, tlic distillate 
is found to consist priuci pally of another isomeric resin, termed 
pyroinarlc and, distinguished by forming with lead a salt which 
ciysiailizes in delicate needles. Pyromaric acid, according to 
Gerhardt, is identical with sylvic acid. 

Ordinary rosin is dissolved completely by alkaline leys : it 
enters largely into the formation of yellow soap. 

If nitric acid be boiled upon ordinary^ rosin the compound is 
oxidized and dissolved, aud on evaporating the solution to the con,- 
sistence of a syrup, it deposits wbeti left to itself for some weeks 
small four-sided prisms with an oldique terminal face. This sub- 
stance is named add (IIO, Ci.^H^Oy). It is sparingly 

soluble in cold water, but much more soluble in boiling water, as 
well as in alcohol and ether ; it requires a high temperature for its 
fusion, and is decomposed at about 400°. 

(1254) Varnishes, — The resins most extensively employed in 
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tlic preparation of the different kinds of varnish are those of 
copal (from the Hymeruea verrutosa P), mastich (from the Pistn- 
chia lentiscus), sandarach (from the Juniperus coninnuns), lac, 
and occasionally those of elemi and anime. Copal is a hard* nearly 
colourless, transparent resin, which is dissolved with difficulty in 
the state in which it is imported ; but if powdered and exposed to 
the air for some wrecks, or if fused so as to enable it to absorb 
oxygen, it is more readily attaekeS by solvents. 

The solvents emjdoyed in preparing varnishes are oil of tur- 
pentine, wood naphtha, and s])irit of wine ; the r«sin before being 
added to the solvent must be jmlvcrizcd, and afterwards mixed 
witli broken glass in order to prevent tlie powder from agglutinat- 
ing into lumps. When the varnish is spread over the surface of any 
object which it is intended to protect, the solvent evaporates and 
leaves a thin transparent coating of resin. The spirituous var- 
nishes dry tlic most rapidly, but they arc apt to crack and scale 
off. This defect is ])ariially remedied in the turpentine varnishes, 
which di’y more slowly ; and it is still more effectually obviated in 
wdiat arc termed oil varnislies, in which a small quantity of some 
drying oil, such as that of linseed orof])0])py, is added to the solu- 
tion in rectified turpentine: these varnishes require) a considerable 
time for complete hardening, but they arc very durable. The 
common varnish used for oil paintings and maps consists of 24 
parts of mastic, 3 of Venice turpentine, and i of camphor ; these 
are mixed with 10 parts of poinided glass, and dissolved in 72 of 
rectified oil of turpentine. 

(1255) Guaiacum resin is the exudation of the Guniacum 
officinale. It is of a dark gr('C'nish-brown colour, and is readily 
puh erized. It has a taste which is at first slight, but afterwards 
bepomes acrid and hot ^•its odour is feeble, but resembles that of 
benzoin. Alcohol dissolves the greater part of this resin ; ether does 
not dissolve it so com])lctely, and it is insoluble in the fixed oils. 
It is also freely soluble in a solution of jiotash and in oil of 
vitriol. The alcoholic tincture yields a blue precipitate wdien acted 
on by chlorine : with sulphuric acid it gives a green precipitate. 
White paper when stained with tincture of guaiacum acquires a 
pale yellow tint ; and if this be exposed to the more refrangible 
rays of the solar spectrum, it bccomq^ of a fine blue or greenish- 
blue colour. The pale yellow tint is restored when the altered 
paper is exposed in the less refrangible portion of the spectrum, or 
when a gentle beat is applied to it. This restoration of the colour 
' depends upon the absorption of oxygen ; powdered guaiacum when 
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exposed to the air absoi'hs oxygen and becomes green. Fuming 
nitric acid dissolves the resin and' acquires a green colour; if a 
certain quantity of water he added, a green precipitate is formed, and 
the solu*tion liecomes blue, but the addition of a larger quantity of 
water renders tlie precii)itate blue and the solution brown. 

Resin of guaiaeum appears to consist of two distinct resinous 
acids, one of which, guaiacic acid ( 110 , C12H7O5 ; Devillc), may 
be obtained from its alcoholic solution, crystallized in beautiful 
needles, M'hich are freely soluble in water. 

Guaiaeum resin melts at a moderate heat, and begins to undergo 
decomposition at about 600®. Amongst the products of its de- 
structive distill atioriDevillc enumerates three definite compounds: — 
3. — A light volatile oil, guaiacene (CjoHsO^) sp- 0*874: 
it boils at 244°, giving off a vapour of sp. gr. 2*92, and 
absorbs oxygen from the air, forming a beautiful crystalline 
compound. 2. — A volatile compound which crystallizes in pearly 
scales. And, 3. — An oil heavier than water, termed hydride of 
guaiacyl ; tliis liquid boils at about 410°, emitting a 

va2)our of sp. gr. 4*49. It is soluble in alcohol, ether, and acetic 
acid, but 3 iot in water. 

(1256) Lac. — Cue of the most valuable of the resins is lac, 
which occurs in commerce under three distinct forms ; viz., as 
stick^lac, seed-lnCy and shcl/ 4 ac. This resin exudes from the branches 
of several trees in tropical climates, and in particular from the 
Ficus iudlca, Ficus religiosa, and Rhamnus jujnbtiy in consequence of 
the punctures of tluj female of a small insect of the cochineal 
tribe, the coccus ficus ; the resinous juice which exudes hardens 
over the insects. The young shoots when cut off*, covered with 
the resin, and enclosing the cocci, constitute stick-lac. The crude 
stick-hic is then bruised, and the fragments of the branches are 
remoM'd ; after which the I’csinous mas^ is digested in a weak 
solution of carbonate of soda, by which means a red colouring 
matter contained in the insects is extracted. This material is now 
extensively us(mI as a dye, and has largely displaced the more 
expensive cochineal. The residue which is insoluble in the alka- 
line ley, forms the commercial seed 4 ac. When this is melted, 
strained through a long cotton bag, and the viscous resin while 
soft compressed into flat sheets, between leaves or stones, it forms 
the scaly purified mass which ^old under the name of shell 4 ac. 
This resin appears to consist of a mixture of four or five distinct 
com) ouuds, one of which is acid and may be obtained in crystals, 
and according to Unverdorbeu, it also contains both oleic and 
margaric (palmitic) acids. 
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Lac is extensively used as a stiffening for hats, and it forms 
the principal constituent of the better kinds of sealing-wax. lied 
sealing-wax owes its brilliant colour to vermilion; 48 parts of 
shell-lac, 12 of Venetian turpentine, and i part of balsam of Peru, 
melted at a gentle heat, and incorporated with 36 parts of vermi- 
lion, furnish red sealing-wax of the best quality (Lowig). When lac 
is mixed with half its weight of, sandarach, and a small quantity 
of Venice turpentine, it forms wdth 10 or 12 parts of alcohol a 
varnish, technically termed lacquer, which is much em2)loycd for 
heightening the colour of brass and bronzed articles. 

(1257) Balsams. — The soft viscous resins which consist of 
a large mixture of essential oil with the resin, are termed 
balsams ; such", for example, as balsam of copaiba, and balsam 
of Canada. Some of them contain in addition benzoic or 
cinnamic acid, such as the balsams of benzoin, tolu, storax, 
and Peru. 

Balsam of Copaiba is obtained from several species of Copai- 
fera. It consists of a volatile essential oil isomeric with oil of 
tur2)entine; a resinous acid^ capivic acid isomeric with 

pinic acid ; and a viscous neutral resin. Balsam of Canada is the 
nearly colourless liquid resin of the Bums halsamea, 

(1258) Gum Resins, are the milky juices of many jdants, soli- 
dified by exposure to air. Tlu^y consist chiefly of the peculiar 
resins and essential oil of the plants, mixed with a largo jirojiortion 
of gum; consequently they produce when rubbed up with water, 
a rnilky-looking liquid, or emulsion, the gum becoming dissolved, 
and retaining the resin and oil in suspension. Dilute alcohol dis- 
solves the gum resins in greiit measure, as do also weak alkaline 
solutions. The guru resins form a numerous and iinnoi'tant class 
of medicinal remedies. Amrnoniacum, assalbetida, aloes, euphor- 
bium, galbanum, gambcTgc, myrrh, olibanum, and scammony, all 
belong to this class of bodies. 

(1259) Amber. — Some fossil substances approach more closely 
to the resins than to any other class of comjiounds j of these, one of 
the most important is amber. It is alight-yellow trausiiarent sid)- 
stance, with a density generally a little greater than that of water. 
Its property of becoming electric by friction is familiarly known. 
It occurs often in beds of wood coal, but is chicdly found after 
storms, on the coasts of the Baltic, between Kbnigsherg and Mcmel. 
Amber consists of a mixture of several resinous bodies, which have 
not been accurately examined ; about one-eighth of its weight is 
soluble in alcohol, and about one-tenth of it is soluble in ether. 
If heated in close vessels it melts, gives off succinic acid, water, 
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and a peculiar empyroumatic oil, wliich consists of a mixture of 
several hydrocarbons having nearly the same composition as oil of 
turpentine. The succinic acid ajjpears to be furnished solely by 
that pottion of tlie resin which is soluble in ether (Schrotter). A 
small quantity of succinic acid exists ready formed in the resin, 
and can be extracted by digesting powdered amber in an alkaline 
solution. The empyroumatic oil. is furnished principally by the 
bituminous ])ortion, which is insoluble in ether and in alcohol. 
Amber, when treated with nitric acid, is gradually dissolved ; suc- 
cinic acid crystalljzcs from the solution when concentrated, and 
ordinary camphor is found in the distillate. 

(1260) Caoutchouc or Indian-rvbber (.2:’CgH7?) : Sp. gr, fiom 
0*92 to 0*96. — This substance occurs in small quantities in the juices 
of many plants, particularly of the JJriicaceca, Euphorhiaceaij and 
Apocynacea^ Its available supply, however, is the spontaneously 
solidified milky juice of the elaslica, Jatropha elastica, and 

some other t]’0[)ical plaiits. As first procured by incisions into 
the stem of the [)laut, it ap])ears as a yellowish milky fluid which, 
in addition to caoutchouc, contains allmmcn ; the albumen occa- 
sions the juice on ])eing boiled to coagulate. When the fresh 
juice is ex})Osed to the air in thin iilms, it speedily dries and 
hardens into clastic layers of browmish yellow^ caoutchouc. 11 le 
caoutchouc is not dissolved in the juice, but is merely suspended 
in it, and when the liquid is diluted Avith w^ater it rises to the sur- 
face like crc'am ; wlien once become coherent it cannot again be 
did used through water. Commercial caoutchouc, from the mode 
of its preparatitm, retains the albumen and other constituents of 
the juice, but pure caoutchouc is a peculiar form of hydrocarbon 
(Faraday). In its solid condition it is extremely. elastic, espe- 
cially Avlicu warm. Although insoluble in water, it softens con- 
siderably in this liquid at the boiling temperature, and is thereby 
reiuicrcd more i*asily acted iqxm by its peculiar solvents. Alka- 
line solutions arc without effect upon caoutchouc. Even chlorine 
atta(*ks it very slowly ; concentrated *nitric and sulphuric acids 
decompose it, but Avlicn dilute they are entirely inert. 

The proper solvents of caoutchouc are washed ether, chloroform, 
bisulphide of carbon, coal ntipbtha, and rectified oil of turpentine. 
In these liquids it first swells up very coiisidcrahly, and eventually 
forms a ropy liquid, whieli on tporation furnishes the caoutchouc 
with its original elasticity. This pToj)crty is turned to atcount in 
the nuuudaeturc of various Avaterproof or Macintosh*^ articles. 
According to Paycn, caoutchouc consists of two portions, one of 
AvRich is soluble in the liquids above mentioned, Avhilst the other por- 
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tion merely softens and swells up, but does not undergo true solu- 
tion. Caoutchouc is also dissolved by the fixed oils, but its 
elasticity is thereby destroyed. Waterproof cloth is prepared 
by varnishing one surface of a fabric constructed for thd purpose 
with a solution of caoutchouc, and bringing it in contact with a 
second sheet similarly prepared, and passing the two together 
between rollers. The freshly eut edges or surfaces of a piece of 
caoutchouc cohere readily ; this property, with its pliancy and 
elasticity, together with its power of resisting most chemical 
agents, renders it invaluable in the laboratory for forming fh^xiblc 
tubes and joints, used in connecting apparatus in a secure and air- 
tight manner. Caoutchouc melts at a heat of a))out 250" or '^60'^; 
after it has been melted it does not solidify on cooling, but forms 
a sticky mass which docs jiot become solid even when exposed 
to the air for months. Owing to this property it furnishes a 
valuable material for the lul)rication of stop-cocks, and joints 
intended to remain moveable yet air-tight. If caoutchouc be 
heated strongly in the open air it takes fire, and burns with a 
bright luminous flame. • 

If distilled in close vessels, caoutchouc furnishes a mixture of 
several different hydrocarbons. The most volatile of tliese lias a 
sp. gr. of 0*654,- it boils between 92^ and xio"^, and rcmaiits liquid 
at very low temperatures. Himly has given the name of caoutchme 
to a hydrocarbon of sp. gr. 0*842 in the liquid form, and 4*46 in 
that of vapour. It boils at 340^*, and is isomeric with oil of 
turpentine; which it resembles in being miscible in all propoj-tions 
with alcohol, ether, and the fixed and volatile oils. It may be 
exposed to a cold of — 22'^ without becoming solid. It dissolves 
caoutchouc freely. 

Bouchardat found, among the less volatile portions of the 
oil, a yellow oily hydrocarbon, lieveime, polymeric with olefiant 
gasr It had a sp. gr. of 0*921, and boiled at 599°. The same 
chemist likewise obtained during the distillation of caoutchouc a 
very volatile portion which required tlic application of a freezing 
mixture for its condensation ; he describes the liquid thus obtained 
as a mixture of three hydrocarbons, one of which appeared to be 
identical with tetrylene (1021) : the second, of sp. gr. 0*65, boiled at 
58®, and when placed in a freezing mixture yielded crystalline plates 
fusible at 14® : this compound he termed caoutchme. The tliird 
compound was considered to be identical with Ilcichenbach^s 
eupion (1310). 

‘(1261) A highly valuable modification of caoutchouc, discovered 
by Goodyear, has lately been introduced into the arts under the 
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natne of vulcanized Indian rubber, which from its almost perfect 
elasticity at all temperatures below that of 240°, admits of a 
variety of useful applications. The cut edges of this form of 
caoutchouc do not cohere by pressure, and it does not become 
adhesive to other bodies at temperatures belbw 212°. Caoutehouc 
when immersed in the form of sheet in melted sulphur at 250° 
gradually imbibes from 12 to 15 per cent, of its weight of sulphur, 
but it does not at this temperature experience any change in its 
physical or chemical properties. If such sulphurized rubber be 
heated for a few minutes to about 300*=*, the peculiar elastic modi- 
fication however is produced, and if the temperature be allowed 
to rise mucli higher than this, the mass first becomes black, hard 
and horny, and at a few degrees beyond this it is converted into 
a hard brittle substance, which at a higher temperature under- 
goes carbonization and decomposition. Vulcanized caoutchouc 
appears to consist of a combination of the elastic gum with 2 or 3 
per cent, of its weight of sulphur. The excess of sulphur which 
is usually present is oidy mechanically distributed through the 
mass, and may be removed by tlui use of solvents, such as 
benzole or sul])hitc of soda. 41 ns cx{*(‘ss of sulphur is injurious 
to tlie elasticity of the material, and gradually renders it brittle 
and rotten. Sc\cral modes of eficctiiig the combination of 
sulphur with caoutchouc are em])loyed. One of the most useful 
consists in dissolving the caoutchouc in turpentine in which the 
propc'r ])] oi)ortion of sulphur had been previously dissolved : on 
allowing the solvent to evaporate, the mixture of caoutchouc and 
sulphur is left endued with the properties of common caoutchouc, 
and Jiiay be easily moulded into the form of the various articles 
required; it is oidy on the application of a temperature ranging 
Irom 270° to 300° that the peculiar properties of the sulphurized 
oomi)onnd are developed. The heat is most advantageously applied 
by ex[)()smg the articles to the direct action of high pressure steam 
at 270^^ or 280'^. The addition of a certain proportion of car- 
boniite of lead to the compound is found to jiroduce an article 
better adapted for certain purposes, such as the manufacture of 
o^ ershoes or goloshes, than one in whiidi sulphur only is used ; 
due ])ro])ortions of sulphur and of the salt of lead arc incorporated 
with the. caoutchouc by causing the caoutchouc mixed with the other 
ingredients to pass repcfitedly ^between polished hollow iron rollers 
maintained at a tcrnpcratui'e of about 170’’, by the injection of steam 
into their interior. Vulcanized Indian-rubber withstands prolonged 
digestion in naphtha or turpentine without undergoing solution, 
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(1262) Gutta Percha. — ^This substance, which is similar 
in chemical properties to caoutchouc, was introduced into this 
country as an article of commerce about the year 1844^ Gutta 
percha is the concrete juice of the Isonayidra percha, a tree belong- 
ing to the family of the 8 npotace(B, which grows abundantly in 
Singapore, Borneo, and other islands of the Eastern archipelago. 
The name percha is that givcfi,l)y the Malays to the tree which 
produces it ; it grows to a diameter of five or six feet, and though 
as timber it is valueless, tlic fruit yields an oil fit for food. On 
cutting notches through the bark into the wT)od, a milky juice 
exudes, which speedily solidifies. Gutta })crcha is a tough in- 
elastic substance, which at ordinary temperatures retains any shape 
which may have been impressed u])on it, but below 2 t 2” it becomes 
so soft that it may be moulded like wax, and indeed may be em- 
ployed for taking casts and impressions, since it will copy the Tniest 
lines with fidelity ; beautiful mouldings, and a variety of useful and 
ornamental articles arc thus made with great facility. It also 
possesses the valuable pro})erty of welding together when in this 
soft condition, provided tlmt the surfaces are cpiite free from any 
film of moisture. Wlicn cold it again becomes hard, and pos- 
sessed of extraordinary tenacity. It is, when pure, of* a pale 
browil colour, possessing a peculiar odour somewhat resembling 
that of caoutchouc. When rubbed it becomes negatively electric, 
and if dry it is an insulator of electricity ; and this property has 
led to its extensive employment in the covering of wires for tele- 
graphic purposes (260). It is also largely used as a water- 
proofing material, and is em[)loyed as a substitute for leather 
in soling boots and shoes. It furnishes a valuable material 
for the preparation of tubes for conveying liquids; it is likewise 
used as a substitute for leather in the construction of bauds 
for driving machinery, and is daily receiving new and useful 
applications. 

Gutta percha is quite insoluble in water; but it is dissolved 
readily by' benzole, chloroform, bisulphide of carbon, turpentine, 
and the essential oils in general. If heated moderately it melts ; 
and beyond this point is decomposed, yielding inflammable products. 
Solutions of the alkalies are without action upon gutta percha. 
Hydrochloric and dilute hydrofluoric acids, as well as the dilute 
acids in general, have no action upon it ; hence it is employed 
in the preparation of bottles and vessels used for containing these 
liquids. The principal drawback to this use is the difficulty of 
preventing it from retaining a certain degree of porosity, which 
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allows the slow transiuhition of liquids through its mass. Con- 
centrafed nitric acid rapidly attacl^s and disintegrates it, and oil 
of vitriol produces the same effect more gradually. 

Payen states that purified commercial gutta percha consists of 
three distinct portions, the most abundant of these, the jpure gutta, 
constitutes from 75 to 82 per cent, of the mass, and is insoluble 
in lalcohol and in ether. It is believed that this substance is 
a hydrocarbon isomeric with caoutchouc. The other two con- 
stituents are a white and a yellow resin, both of which arc soluble 
in boiling alcohol $ but the white resin is nearly insoluble in this 
liquid when cold ; by deposition from a hot alcoholic solution 
it may be obtained crystallized in pearly plates, disposed in radi- 
ated tufts. The yellow resin is amorphous. 

(1263) Resin of Jalap. — This substance has been made the 
subject of numerous careful experiments. It may be obtained 
in a colourless form by treating the chopped roots of jalap with 
boiling water, re[)eatedly submitting them to pressure between 
each operation, and when the expressed liquid is no longer 
coloured, extracting the resin from the undissolved portion by 
means of boiling alcohol (sp. gr. 0*880). This resin amounts to 
from 10 to 15 per cent, of the weight of the root operated on. It 
is a mixture of two definite resins. One of these [pay'arhodevreiin) 
is soluble in ether, and is powerfully acid ; it has the peculiar 
odour and acrid taste of jalap. It docs not crystallize from its 
alcoholic or ethereal solutions, bu^ if these be mixed with water, the 
semi-solid mass which is formed b(icomcs gradually filled with 
needle-shaped crystals ; it may be sublimed. According to the 
analysis of Johnston it may be represented as (C^oHg^Oig). 

The resin which is insoluble in ether [jalapm or rhodeoretin) 
is reniaikable for being susceptible of decomposition into glucose 
and a resinous acid. Jalapin is white, and destitute of odour and 
taste. It is fusibi(‘ at ^oo''. Alcohol and acetic acid dissolve it readily. 
It is also readily soluble in alkaline solutions, especially if boiled 
with them. j\iaycr terms it convolvulin, and assigns to it the for- 
mula (C62H5 o 032)-' This resin appears to constitute the purgative 
principle of the jalap. Oil of vitriol dissolves it slowly, and 
assumes a beautiful red colour, which gradually passes into brown. 
On dilution an oily looking acid IxKly is precipitated, &aA glucose 
remains in solution. According to Mayer, the fusiform variety of 
jalap {Convolvolm ^ orizabensis) contains a resin homologous with 
rhodeorctin (C^jgHggOa.^), which when treated with sulphuric acid 
is similarly decomposed, glucose remaining in the solution. 



611 


§ III. GlUCOSIDESj oil CoMPpUNDS WHICH CONTAIN GlUCOSE. 

{1264) In the course of the present chapter some crystalline 
compounds have been described, which like amygdalin, salicin, and 
populin, under certain circumstances break up into glucose, and into 
some compound or compounds characteristic of the substance from 
which it is derived. The compounds which yield sugar when 
thus broken up, are termed glucosides. They may be subdivided 
into two classes : one of these consists of neutral substances, like 
amygdalin and salicin ; the other consists of acid liodies, such as gal- 
lotannic acid. We shall no\y proceed to notice some of these com- 
pounds ; viz., phloridzin, ([uercitrin, arbutin, csculiii, and saponin. 

(1265) Phlouidzin 4 Aq ; Strcckcr). — This is a 

substance which occurs in the bark of the apple, pear, cherry, and 
plum tree, and probably in other fruit trees. In order to extract 
it, it is sufficient to boil the bark for some time with water, and to 
allow the liquid to cool. Phloridzin is deposited in silky crystals, 
which may be purified by rcdissolving them in water, digest- 
ing with animal charcoal •and rccrystallizing. It has a slight 
bitter flavour, followed by a sweetish taste. It requires upwards 
of 1000 parts of cold water for solution, but it is largely soluble 
in boiling water. Alcohol and wood spirit dissolve it ficcly, but 
it is nearly insoluble in ether. Its alcoholic solution causes left- 
handed rotation in a ray of polarized light. When heated to 212® 
it loses four equivalents of water, and at a temperature between 
223° and 228° it undergoes fusion, after which, by an additional 
elevation of temperature, without undergoing any further loss of 
w^ater, it becomes solid, and docs not melt again until the tem- 
perature has been raised to 320"'. At 392° it again begins to give off 
w^ater, and assume a red colour, forming aresinoid body (C42n2oOi6), 
termed rufm ; this subsfance is soluble in alcohol. Boiling water 
also dissolves it, but the solution is entirely colourless. 

An aqueous solution of phloridzin yields a white precipitate 
with one of subacctate of lead (6 PbO, Ci2lIaj,G2o If also forms 
compounds with baryta and lime, but these substances become 
brown by exposure to air. 

Phloridzin, when boiled with weak acids, is decomposed into 
grape sugar,’ and a resinous matter termed phloretin : — 

Phlaridzin. Glucose. Phloretin. 

^^421124^20 "f" 4 B!0 = Ci2H^40i4 + C^soB^hGio* 

Phloridzin, under the combined influence of air and ammonia, 
yields a red, bitter, uncrystallizable compound termed phlorizein^ 
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is readily soluble in boiling water. ’When 
phloridzin is exposed to the vapbur of ammonia^ it produces a 
beaiitiful blue compound with a coppery lustre which appears to be 
a compound of phlorizein with ammonia; this substance is very 
soluble in w^ater^ and cannot be obtained in crystals ; sulphuretted 
hydrogen and other deoxidizing agents destroy this blue colour, 
but it is restored l)y exposure tq •the air. 

Phloridzin does not yield any essential oil when treated with 
chromic acid or other oxidizing agents ; in this respect it presents 
an important difference from salicin, which in other points it 
greatly resembles. 

(1266) QuEiiciTRiN -h 2Aq). — This substance is 

homologous with phloridzin, and contains 3 (C2H2) less than this 
body. Querci trill is the yellow, crystal lizablc colouring matter, con- 
tained in the bark of the quercitron or Quercus tiuctoria. It may 
be extracted from the bark by means of alcohol, sp. gr. 0*84 ; the 
tannic acid is removed by the addition of gelatin, and the liquid 
on evaporation yields qucrcitrin, which may be purified l)y rcerys- 
tallization from alcohol. It is sjiariwgly soluble in boiling water 
and ether, but is readily dissolved by hot acetic acid, as well as 
by weak solutions of the alkalies, w itli wdiich it forms a liquid of a 
greenish-yellow colour, which gradually passes into dark-brown. A 
solution of alum slowly devclopes a beautiful yellow colour in its 
solutions. Solutions of acetate of lead, acetate of copper, and 
chloride of tin, precij>itatc it in yellow^ flocculi. With persulphate 
of iron it produces an oliv('-g»’ccn colour. When qucrcitrin is 
boiled with dilute sulpliuric or hydrochloric acid, it is decomposed 
into glucose and (jtierceiin (C^iH^Ok,), a substance sparingly soluble 
in water, but readily soluble in alcohol : it may be obtained in 
minute lemon-yellow crystals. Querce^tin is also soluble in solu- 
tions oi potash and of soda, to which if communicates a golden- 
yellow colour. The decomposition of qucrcitrin . by acids may be 
thus I’cp resented : — 

Quercitriii. Quercetin. Glucose. 

fV.HisO20 -f 4 no = 4- Ci2Hi20^2~Ha 

(1267) Arbutin (C3.JI22OJC)? Kawalier) is a crystallizable prin- 
ciple contained in the leaves of tlic Arctostaphylos uva ursi, which 
when treated with synajitase decomposed into glucose, and a 
crystalline body termed arcimin (C2onio07 "0 • — 

Arlmtin. AreJuvin. Glucose. 

+ 2H0 = 
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(1268) Esculin or polychrome (04,211240.28^ at 212®). — This 
substance is contained in the bark of the horse-chesnut. In order 
to extract it^ the aqueous infusion of the bark is treated with 
acetate of lead, and filtered, the excess of lead is removed by 
means of sulphuretted hydrogen, and the liquid is evaporated to 
the consistence of a syrup; in the course of a few days the esculin 
crystallizes ; it may be washed with cold water, and rccrystallized 
first from weak alcohol (sp. gr. 0*940) and afterwards from boiling 
water. Esculin forms small colourless needles, which have a bitter 
taste and a slightly acid reaction. It is sparingly soluble in cold 
water and in ether, but is dissolved abundantly by boiling water, 
and less freely by hot alcohol. Solutions of esculin are particularly 
remarkable for their fluorescent power, in eonsequenee of which 
they Jippear in certain positions to be deep blue, although colourless 
if viewed by transmitted light. Acids destroy this property, but the 
addition of an alkali to the liquid heightens the fluorescent 
character. Esculin fuses and loses water wdicn heated to 320°; 
at a higher temperature it is dccom2)oscd, emitting an odour of 
burnt sugar, whilst a small, quantity of csculctin is sublimed in 
crystals. 

Esculin when boiled with dilute acids, or when digested wdth 
synaptase, undergoes decomposition into esculetin -find glucose: — 

E^K-'ulin. EscuhHin. Glucose. , 

-f ioHO = + 27 c”i^(h,. 2 iFo). 

Esculeiin is a substance w Inch has a slightly acid reaction upon 
litmus ; it is sparingly soluble in cold water, in cold alcohol, and 
ill ether; but it is freely soluble in boiling alcohol, which deposits 
it in crystalline needles or plates resembling those of benzoic acid. 
Esculetin is soluble in solutions of the alkalies, forming a golden 
yellow liquid ; and a hot concentrated solution in ammonia, as it 
cools, deposits a yellow •crystalliiu' compound. The presence of 
a trace of a persalt of iron gives to esculetin a dark green tinge, 
but the colour is destroyed on the addition of an acid. A solution 
of acetate of lead wdicn mixed with one of esculetin, produces a 
lemon yellow precipitate (CiyTIiPb^Oa). 

(1269) Sa2}oriin — This substance is contained in a 

considerable number of plants, including the Saponaria officinaliSy 
the Poly gala senega, and the root of the common pink : it is also 
found in the pimpernel, in the fruit ol^ the horsc-chesnut, and in 
several varieties of Lychnis, Saponin is easily extracted by means* 
of boiling alcohol (sp, gr. 840), from the root of the Saponariaox 
soap-wort; as the liquid cools the saponin is deposited as an amor- 
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phous sediment, which if coloured must be digested in ether, in 
order to remove the colouring matter. 

When dry, saponin forms a colourless friable mass, which is 
destitute of odour, and of a sw^eetisli, styptic, persistent taste# If 
applied to the mucous membrane of the nose it produces violent 
sneezing. Sa])onin is soluble in water in all proportions, yielding 
a somewhat o])alcscent liquid, which froths strongly on agitation, 
like a solution of soa]!, even though it may not contain more 
than a thousandth of its weight of saponin ; the liquid when 
eva])oratcd leavas the saponin in the form of a transparent, brittle 
varnish. Its solution, or an infusion of soap-wort, is sometimes 
employed instead of a solution of an alkaline soap, for cleansing 
the finer varieties of wool from grease. Saponin is also soluble in 
dilute alcohol, but insoluble iii ether. Its solutions yield a white 
precipitate with subacetatc of lead. 

AVhcii boiled with dilute acids saponin yields a peculiar acid, 
the saponic or (tscvltCy and at the same time a substance resembling 
gum s('parated (Rocblcdcr and Schwartz). Saponic 

acid may also ])c ()l)taiiicd by digesting saponin in weak alkaline 
solutions. The com])osition of saponic acid is doubtful, but it pre» 
scuts well-marked cliaractcrs. It is lu^arly insoluble in water and 
in ether, but is readily dissolved by alcohol, wliich dc'posits it in 
granular crystals. Its salts with potash, soda, and ammonia, are 
soluble in hot water, and the liquid on cooling sets into a jelly. 
A solution of these* salts in dilute alcohol, sp. gr. 0*960, deposits 
them in pearly crystals. Saponic acid forms compounds with 
lime, baryta, copper, and lead, which are insoluble in water, but 
soluble ill dilute alcohol. 

A A arlcty of other neutral ciystallizablc principles have been 
obtaiiu'd IVom ])lants, many of which are used medicinally, but 
few of them have been minutely examined. It is probable that 
many of these bodies will prove to be identical with others 
already known, and many others will most likely be found to 
belong to the class of glucosides. 


CHAPTER VTIX, 

COLOVklNG MATTERS. 

f 

(1270) The substances which are about to be treated of in the 
present chapter under the head of colonrmg matters, are grouped 
together on account of the similarity in the modes of ajiplying 
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them in the arts, and not from any well-marked chemical rela- 
tions which exist hctwecii them. The relations of many of these 
bodies to other groups are, however, remarkable, and present many 
points of considerable interest. 

The colouring matters are found in all the organs of plants. 
In the madder, turmeric, and alkanct they are obtained from tlie 
roots; in logwood, Ih'azil wood,*a\Kl fustic, they arc found in the 
wood ; in ([ucrcitron in tlu^ bark ; in satHower they are furnislied 
by the petals, and in safiron by the anthers of tlu^ flowers ; whilst 
in tlie Pcrsijin l)erry and in annatto they ar(^ obtaiwed from the seed. 

Many colouring matters in the form in which tliey exist in the 
growing plant give little or no indication of tluhr tinctorial power. 
This is the case with indigo, and with the blue colouring matters 
of the lieliens ; but by the action of ferincnitatiou avid of atmo- 
spheric oxygen, or l^y tlie etfect of ammonia, oi* by the ac^tiou of 
otlier chemical agents, tliey may be made to furnish dye-stiills of 
great brilliancy and beauty. 

Alost of the organic colouring matters fade or change their 
hue under the combined inll^cnce of oxygen and solar light ; they 
undergo a sjK^cics of slow oomi)ustion, and are in many eases ren- 
dered eolourlcss. Many of them are also deprived of (uiloiir by 
redueing agents, such as sulphurcttiul hydrogen, the sulphide's of 
the alkaline metals, and the salts of the protoxuhvs of iron and of 
till ; bat in these cases the colouring matter rccov(‘rs its oi iginal 
hue, when it is again (jxposed to tjie air. The roots of the plant 
appear to exert a redueing ell'ect upon many colouring matters, 
whiUt in the iiowej;tlie opj>o>ite clleet takes place; this is beau- 
tifully shown in au experiment by J\a-soz : — if the roots of a 
transparent plant, such as balsam [impuikns) , be iiiimerscd in a 
coloured solution, such as one of logwood, tlic coloured liquid is 
absorbed by the radich'.s,* it is deprivc^d of a i)orti()n of oxygen, 
and loses its colour; in this form it continues to einnilate 
through tlie plant until it reaches the petals of the flowers, where 
it again absorbs oxygen and resumes its original hue. 

All organic colouring matters arc destroyed by chlorine, whicli 
acts in some cases by displacing hydrogen, in others, by decom- 
posing water and*sctting oxygen at liberty, and thus producing 
newv compounds destitute of colour. Sulphurous acid also in many 
instances combines with the colouring body, and produces new 
compounds not possessed of tinctorial power. 

Almost all tlie colouring matters require a preparation more or 
less elaborate before they are fit for use ; many of the processes 
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employed in brif^litening and fixing tlieir tints are of a complex 
nature^ and still retain their original empirical character. In many 
of the colouring matters of organic origin^ nitrogen is an essential 
constituent, though in a still greater number it is absent. The 
colouring matters in most frequent use exhibit the properties of 
very feeble acids. Most of them are consequently more soluble in 
alkaline liquids than in pure water, and they form definite insoluble 
compounds with the earths, and wdth some metallic oxides, such as 
those of lead and of tin. Such compounds with the metallic 
oxides usually possess great tinctorial or colouring power, and arc 
termed lakas. The formation of these insoluble compounds is a 
circumstance of fundamental importance to the dyer and calico- 
printer, since upon it depends the general method of mordanting, 
used in the arts of dyeing and calico-printing. 

(1271) Yellow Dyes. — The most important yellow dye-stuffs 
are quercitron, fustic, sallVon, turmeric, annatto, and weld. The 
colouring mattcirs of the Persian berries, of purree, and of rhubarb, 
are less frequently employed. 

1. Quercitron is the bark of the tinctoria. It yields 

a yellow crystallizable })rinciplc, quercltrin (J266), of feebly acid 
properties, soluble in alcohol, sparingly so in water, freely so in 
alkalies. 

2. The Monis iinctoria or Old fustic, is particularly em- 
ployed for dyeing woollens yellow ; it is also used to im])art to 
them green and olive hues when yiixed with indigo and salts of iron. 
Fustic furnislies a yellow colouring matter, Avhich may be obtained 
in crystals by evaporating its aqueous infusiQii. This substance 
has been termed moritanuic acid (1120) (CaellujO^o). It has a bitter 
taste, is soluble in ether, and gix es a green precipitate with salts 
of iron. Acids and alkalies deepen the tint of the aqueous solution 
without producing any precipitate. V/hen mixed with alum it 
produces no precipitate, but on the addition of carbonate of potash 
to this solution, a yellow lake is formed. 

3. The Jikus cotinus or Yoting fustic, contains a different 
yellow dye, which is very soluble in water; potash renders it 
purple, passing into a reddish yellow ; while the acetates of lead and 
of copper produce an orange-coloured lake with a decoction of 
this wood. Wool mordanted with alum acquires a bright yellow 
dye in a bath of this colouring principle. 

4. The Crocus sativus yields Saffron, a colouring matter coin. 
tained in the anthers of the flower ; it is very soluble in water and 
iu alcohol. It lifts been but imperfectly examined. 

5. Curcumin, or the colouring matter of Turmeric {Curcuma 



YELLOW DYES — ANNATTO — RHUBABB WELD. 51 7 

lortga), is of a renuous nature ; it is nearly insoluble in water, but is 
dissolved freely by alcohol and* by ether. Alkaline solutions take 
it up abundantly^ and change the colour to brown. This qjiange of 
colour is often employed in the laboratory to indicate the presence 
of free alkali, since paper tinged yellow with tincture of turmeric 
becomes brown when immersed in a solution containing uncom- 
bined alkali. Curcumin is soltd)le without change of tint in the 
acetic, phosphoric, hydrochloric, and sulphuric acids. It is 
employed for dyeing wool and silk, as well as for colouring the 
curry powder of India. • 

6. Annatto , — This colouring matter is in the form of a paste, 
prepared from the seeds of the Blxa orellamiy and is used for dyeing 
nankeeiL' It appears to contain an orange-red colouring substance, 
called hixiny and a yellow termed orellin. Bixin is a resinous 
matter sparingly soluble in water, but freely so in alcohol and in 
ether. The alkalies dissolve it, producing a deep red colour, and on 
neutralizing the solution with an acid it falls as an orange pre- 
cipitate. The fixed oils also dissolve this colouring principle, 
which closely resembles that of the turmeric. 

7. The root of the common Rhubarb yields a yellow colouring 

matter, termed rhein or chrysopbantc acid which is also 

found in one of the lichens [ParuwVia parieiina). It is sparingly 
soluble in water, hut freely soluble in ilic alkalies, producing a red- 
dish brown coloured liquid, from which on tlie Jiddition of acetic acid 
it may be precipitated in flocciili ; this change from yellow to red 
is effected by a minute trace of alkali, so that paper stained with 
3’hubarb may be qsud as a test for the pnjsence of a free alkali. 
Ilhein is accompiii; .ed by a portion of resin, which may be precipi- 
tated by the addi on of ether t * the alcoholic solution. Chryso- 
phanic acid is s(| iblc in ether and in hot alcohol, from which it 
may be obtainceV 1 cryslals of a golden yellow metallic lustre, 

8. The Wq or Reseda luteola also furnishes a yellow 
colouring inattcil, which is highly prized for its solidity and dura- 
bility. LuteoUn, as this substance is termed, may be extracted from 
the dried plant by means of boiling water ; it is freely soluble in 
alcohol and ether, but sparingly so in water. It may be sublimed 
unaltered and condenses in yellow needles. Its solutions yield 
ydllow lakes with alum, protochloride of tin, and acetate of lead. 

^ 9. Persian Berries , — The fruit of carious species of RhammiBy 

when gathered before it is fully ripe, contains a considerable 
amount of a yellgw colouring matter, termed chryso-rhamnin 
(C.^3HhOii?). This substance may be extracted by means of ether, 
which deposits it in brilliant stellate groups of golden yellow 
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crystals ; an alcoholic solution of this compound yields mth an 
alcoholic solution of acetate of lead a yellow lake {2 PbO, 
C23H11O51?). Chryso-rhainnin is nearly insoluble in cold water, 
but if boiled with water it is partially dissolved, and is converted 
into a compound termed xantho-rhamnin (C23II12O14?), which is 
also one of the constituents of the ripe berries (Kane). 

10. Ptirrecj or Indian This substance has been parti- 

cularly examined by Stenhouse and by Erdmann. It is a colour- 
ing matter highly esteemed by artists, and is supposed to be of 
animal origin ; it fs sold in masses of three or four ounces in weight, 
wliieh have exteriorly a dark brown colour, but when broken are 
of a bright orange -yellow. Its odour is peculiar, and resembles 
that of eastoreurn. This substance consists chiefly of tlie mag- 
nesian salt of a peeiiliar acid, termed parr etc or euxanthic acid. 
Purree is scarcely soluble in water or in alcohol, but it is entirely 
soluble in boiling dilute hydrochloric, or in acetic acid ; as it cools 
pale yellow needh^s of euxanthic acid (110, Cj2n|702i ; Ijaurciit) 
are deposited in stellate groups. It is somewhat soluble in 
boiling water, and is readily dissolved* by boiling alcohol and by 
ether. Cold water dissolves but very little of it ; alkaline solu- 
tions dissolve it, and form a y(‘llow liquid. A solution of euxan- 
thate of ]K)tash wlien mixed with the solutions of the salts of the 
earths gives brilliant y(‘IIow sparingly soluble preci])itatcs ; with 
acetate of lead it forms a yelh)w insoluble lake. 

When euxanthic acid is heated in a small tube to a temperature 
a little above it melts, and a yellow sublimate oi purrenonc or 
euxanthone (C.^^^lIj^Oi^) is furnied, whilst water and carbonic aeitl 
are evolved : it is also obtained by transmitting chlorine through 
a hot solution of euxjinthic :uud in absolute alcohol; and the same 
compound is ])rodue,ed when euxanthic acid is dissolved in oil of 
vitriol, the solution gradually depositing crystals of euxanthono. 
The sulphuric solution contains a new colligated acid, termed 
stilphohatnailnonlc aeidj the composition of which is doubtful. 

The yellow dyes arc not often used alone*. They are generally 
employed in combination with other colours to modify shades, or 
to produce compound colours, as when mixed with blues to pro- 
duce green. 

(1272) The red dyes are of greater importance; of these, 
madder, logwood, Brazil wood, camwood, sandal wood, safflower, 
cochineal, and lac dye, arc those in most extensive use. 

(1273) I* Madder is the root of the EubUg, iiuctorumy a plant 
which k grown largely in the Levant, in the Soutli of France, and 
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ill Alsace. It is cousuiriecl in enormous quantities for dyeing reds 
and purples ; Turkey red cldth owes its brilliant hue to the 
colouring matter of this root. The composition of the madder 
root has been the subject of many chemical investigations, the 
most recent and complete being those of liochledor and of Schunck. 

According to the microscopic observations of Dccaisne, the 
madder root, whilst growing, doe|; not contain any red colouiing 
matter; but its cells are filled with a yellow substance which 
increases in quantity with the age of the root; and this body by 
exposure to the air absorbs oxygen, after which •the red colour is 
developed ; an observation which agrees with the experiments of 
Iliggin and of Schunck. 

According to the last-named chemist, the madder root of com- 
merce in addition to ligneous tibre, contains stweral distinct sub- 
stances ; viz., a bitten* principle, ruhhm, which by its decomposition 
yields two colouring matters a/izarln and rahlavla^ two resins, 
pectic acid, and a lirown substance which is ])robal)ly a produ(;t of 
oxidation of some of tin; foregoing bodujs. It also contains oxa- 
late and phosphate of lime, besides other saline matters. 

Some of those bodies arc injurious to the brilliancy of the dye. 
Alizarin, according to Schumdv, is the only triuj dyeing jn'ineiplc 
of the madder. root. It has alixjady Ijcen stated that alizarin docs 
not exist ready formed in tlio growing root, but that it is ])rodu(;od 
by the decomposition of rubian ; and it is wi ll known to the 
dyer that tlie full colouring power of the root is not (hnelopcd 
until after the dyc-stufl’ lias undergone partial fermentation. 

In order to extract tlie wliole of the colouring material, Schunck 
dissolves out the soluble matter from the root with watei, and discom- 
poses this solution by boiling it with dilute acid, when the whole 
of the colour giving jiortioii, including the alizarin, is precipitated. 
If this precipitate be bonded with water, tlie alizarin is dissolved, 
and tlicrubiaciu and the resins arc left. Auotlier plan of obtaining 
alizarin consists in reducing the root to a coarse powder, treating it 
with hot sulphuric acid, and well w ashing it till the last traces of 
acid are removed ; the earthy matters are thus rendered soluble, 
and everything wliicli water will take up is removed ; but nearly 
the whole of the alizarin remains untouched, since it is insoluble 
in Avater containing free acid; the uudissolvcd mass when dried 
is largely used in the print works ui^dcr the name of garancin. 
By boiling this garanciu in a large quantity of water, the colouring 
matter is dissolved and on adding sulphuric acid it is precipitated 
mixed with several impurities. If this precipitate be well washed. 
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dried, and submitted to sublimation, beautiful oran^- coloured 
needles of alizarin are obtained ; tttese, if washed with cold alcohol 
and dried, are perfectly pure. 

(1274) Alizarin (C14H5O4, 3 Aq, Schunck; CgoHeOe, 4 
Strecker). — This is a red crystalline matter destitute of odour and 
of taste ; it is neutral to test papers, and is almost insoluble in 
cold water. It is but sparingly s^oluble in hot w^atcr ; hot alcohol 
dissolves it more freely, and if this solution be evaporated, alizarin 
is deposited in plates resembling those of mosaic gold. It is also 
soluble in ether ;• acids brighten its tint but do not dissolve it. 
Potash dissolves it freely, and strikes a beautiful purple, but it is 
precipitated unaltered on adding an acid ; with lime, baryta, and 
oxide of iron, it ibrms insoluble purple lakes. With alumina it 
forms a beautiful red lake. Alizarin is not decomposed even by 
boiling sulphuric acid, which dissolves it, and on dilution deposits 
it uuebauged. Boiling dilute nitric acid converts alizarin into 
])hthalic (alizaric) acid, and probably into oxalic acid (Strecker 
and Wolff), whilst nitrous vapours are evolved ; — 

Alizarin. IMipmlic Acitl. Oxalic Acid. 

c^iiA + 2110 + so = rJio,(viA + 2'no,CA. 

The crystals of alizarin de|)osit(*d from its spirituous or aqueous 
solution lose about j8 jhm* c(mt. of w'ater at 212^. By a licat of 
about 420® alizarin is sublimed, but part of it undergoes decom- 
position. The sublimate forms beantiliil, transparent, orange- 
coloured needles, which are anhydrous and of high lustre. 

(127 5) JSehunck) ; tlie Uuherythric Add of 

Rocblcder ? — This is a bitter uncry stall izable principle, which 
under the infliu'uee of acids, of alkalies, and of a peculiar azotized 
ferment {EnjLhrozifni) contained in the madder root, is broken up 
into a fermentable sugar, and into alizai'in and other colouring 
matters. Synaptase produces a similar decomposition of riibian. 

The preparation of rubiaii in a state of purity is not easy. 
Schmiek takes ralvautagc of its tendency to contract a superficial 
combination with charcoal, and recommends that ground madder 
be digested in hot water, (i lb. of madder to a gallon of water) ; 
that tlie undissolved portion be straiiu'd oft^ and that to each 
gallon of the hot liquid an ounce of boric charcoal be added. The 
mixture after brisk agitatici^^. is to be allowed to settle, and the 
charcoal collected on a filter and w^ashed with cold water, until 
the w^ashiugs no longer become green w^heu heated with hydro- 
chloric acid. The charcoal while in this condition is saturated 
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with riibian ; it is next to be boiled with alcohol, and this treatment 
is to be repeated so long as frdlsh alcohol acquires a yellow colour 
when boiled with the charcoal. The alcoholic solutions on evapo- 
ration yield rubian, contaminated with a variable amount of lime, 
and with a green colouring matter : this colouring matter may, 
however, be got rid of by treating a solution of the rubian in water 
a second time with charcoal, and repeating the entire process. The 
alcoholic solution when evaporated leaves the rubian in the form 
of a brittle transparent mass of a dai’k yellow colour, resembling 
dried gum or varnish.* It is not deliquescent, •but is abundantly 
soluble in water, less freely so in alcohol, and insoluble in ether. 
When heated to about 266° it melts, swells up, disengages water, 
and gives ofi* orange va])ours of alizarin, leaving a bulky carbo- 
naceous residue. 

Solutions of rubian arc of a pale yellow colour; they are not 
precipitated by the metallic salts generally, but if mixed with sub- 
acetate of lead an insoluble cotnj)ouud is formed. Alk'dlies change 
the colour of a solution of rubian into blood r(‘.d, but, if they be after- 
wards neutralized by the addition of an acid, the yellow tint is re- 
stored : if, however, the alkaline liquid be boiled, its .colour changes 
to purple, and on the addition of an acid red lioceuli arc precipi- 
tated. Oil of vitriol forms a blood-red solution witli rubian. Cold 
nitric acid has little action uj)on rubian, but when heated with it, 
red nitrous fumes are evolved, uiid alizaric (phthalic) acid (1331) 
is iburid iu the liquid. 

If a solution of rubian be boiled with dilute sulphuric or 
hydrochloric acid, orange-eoloiired lioceuli are prcci[>itated, and 
ail uncrystallizable sugar remains in the liquid. Tiicse coloured 
lioceuli consist of alizarin, ruhianin, and two resins. For the 
mode of separating these bodies ilie reader is referred to SeliuncVs 
paper Trans, 1851, p. 445). 

Rubianin (C41II21O20 ?) is deposited from its solution in boiling 
alcohol ill silky lemon-yellow crystals, which are soluble iu boiling 
water. Oil of vitriol dissolves it with a yellow colour; ou the 

* Hoelilcder’s riibtTytliric acid was obtained in crystals from an infusion 
of madder by separating the alizarin and otlicr colouring matters by means 
of neutral acetate of lead, and then precipitating the riihian with subacetate 
of lead, decomposing this precipitate with sulphuretted hydrogen, and boiling 
the sulphide of lead with alcohol (the rubian accompanies tin* sulpliido of lead). 
The rub ian is dissolved by the alcohol, and is to be combined with baryta, 
dissolved in dilute acetic acid, ro-precipitateef by subacetate of lead, and again 
treated with sulphuretted hydrogen after the lead precipitate has been diffused 
through alcohol. On evaporation of the alcoholic solution ruberythric acid is 
left in crystals F). Schunck considers this body to be the result 

of the decomposition of rubian, and not rubian itself. 
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application of heat to this solution it becomes blackened, and 
evolves sulphurous acid. Nitric *acid dissolves but does not 
decompose it. 

Rubiacin ? Schunck) is one of the components of 

commercial madder; it assumes the form of beautiful orange 
Gploured tabl( 3 s, or of brilliant yellow needles, resembling those of 
iodide of lead. It is sparingly soluble 'in boiling water, but is 
rc^adily dissolved by alcohol; it may with case be sublimed un- 
altered. Ilubiacin is a compound of considerable stability ; its 
solution in oil of ^•itriol may be boiled without undergoing decom- 
position. Hydrate of alumina acfjuircs an orange tint wdien 
digested with an alcoholic solution of rubiacin. 

When rubiacin is dissolved in a solution of perchloride or per- 
nitrate of iron it gives a brownish red liquid, which on the addi- 
tion of an acid deposits fiocculi I'uhiacic acid (HO, Cgall^Oig?). 
This body is dis?^()lvcd by the alkalies with a purple colour. 

l^or further details, thc^ reader is rcfc^rred to the papers of 
Schunck, Liebig’s AmiaL Ixvi. 17 5 : P/ri/. Trans. 1H 51, 1B53, 1B5 5 ; 
and of llochledcr, Liebig’s Ixxx., 321, Ixxxii. 205. 

(1276) 2. Logwood. — This valuable dye-stuff is extensively 
cm])loyed for dyeing black w ith alum, but acids chfuige the colour to 
red. It is the produce of the Hannaiounjlon Cmnj)cchianuni. It con- 
tains a crystalline matter tiTincd hminatoxyVin (C^glli/Ii^, 2 Aq. 
and 6 A([. ; Gerhardt), which, however, in its pure state is not red, 
but straw-yellow^ or honey-yellow. Under the iiiHuence of the alka- 
lies anti of oxygen it assumes an intensely red colour. In order to 
extract hrcmatoxylin, j)owdcred logwood mixed with quartzosc sand 
(to prevent it Iroui agglomerating into masses) is digested for 
several days with five or six tijnes its volume of eth(ii\ The 
liquid is distilled until it acquires the consistence of syrup ; it is 
then to be mixt'd with w^ater, and set dside in a vessel loosely 
covered. In the course of a few" days the luematoxylin is deposited 
in crystals. I^ogwood thus treated yields from due-eighth to onc- 
tenth of its weight of this substance. 

The crystals of luematoxylin are transparent, and consist of 
long, yellow, brilliant four-sided needles ; these crystals contain 
six equivalents of \yatcr, wliich tb<‘y lose at 2 1 2''. If a solution of 
hsematoxylin saturated at the boiling point be allowed to cool in a 
closed vessel, granular crystals with 2 Aq. arc deposited. Hsema- 
toxyliii has a sweet taste, free from astriugency, like that of 
liquorice. It is sparingly soluble in cold w^ater, but freely so in 
boiling water. Ether and alcohol dissolve it freely. 

Solution of acetate of lead gives in one of h’sematoxylin a w hite 
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precipitate, which speedily becomes blue ; salts of copper give a 
dirty green precipitate, which also quickly becomes *liluc ; chloride 
of barium occasions a red precipitate ; protochloridc of tpi gives 
a rose-coloured lake, and iron alum a scanty blackish violet 
precipitate ; ordinary alum gives a red solution, but does not occa- 
sion any precipitate. 

Sulphuric and hydrochloric •i^cids have but little effect upon 
hsematoxylin, but dilute nitric acid colours it red. Concentrated 
nitric acid converts it into oxalic acid. 

Solution of potash communicates a violet tint to one of hmma- 
toxylin, and if the air have access to the solution, it becomes first 
blue and then brown, whilst oxygen is al)sorbed. Solutions of 
Inematoxylin arc not altered 1)}^ exposure to the air, but if ammonia 
be present oxygen is absorlx'd, and a purple liquid is formed, 
which contains hsemateate of ammonia : — 

Ilffimatoxylm. Hw'matpato of ATTirnmila. 

+ O, + 2n,'N = 2 no + 

The ammonia may be renxwed from this compound ])y means 
of acetic acid, wlien the henmatvm is precipitated in 

voluminous red floccvdi, rcsmnbling hydrated ])cr()xide of iron. 
Ilcemateiii is s])aringly soluble in cold water, but is more readily 
soluble in boiling water, and the solution on cva})oration yields a 
confused mass of green crystals with a metallic lustre. Sul- 
phuretted hydrogen de])rives hmmatein of its colour, but does not 
reconvert it into hieraatoxylin (Gcrhardt). 

Potash dissolves hannateiii with a blue colour, which becomes 
browii when exposed to the air. Its ammoiiiaeal solution is of a 
fine purple, which also becomes brown on exposure, lltematcatc 
of ammonia yields coloured precipitates with nrany metallic salts ; 
with acetate of lead it gives a deep blue, with sulphate of copper 
a violet blue, with protochloridc of tin a violet, and with iron 
alum a black precipitate. 

(1277) 3. Brazil-wood is the produce of the Cmalpimn 
Braziliemis, It yields by treatment with alcohol yellow or orange 
ciystals of brezilin, whicli are likewise soluble in water and ether. 
Acids, especially the citric, give it a bright yellow colour ; with alka- 
lies it gives a violet or purple colour ; hence it is sometimes used as 
a test of their presence in a free sta1>e. Brezilin forms, in com- 
bination with alumina, the basis of red ink. Like Inematoxylin, it 
is bleached by nascent hydrogen and by sul^uretted hydrogen. 
Sapan-ioood and camwood are stated to yield the same colouring 
principle as Brazil wood. 
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Sandal tvood, alkanet rooty and some other substances also 
afford red dyes, but in general the vegetable red colours are 
fugitive.^ The colouring matter of alkanet is soluble in oils. 

{1278) 4. Safflower is obtained from the petals of the C«r- 
thamus tmetorius. These petals contain two colouring principles, 
one of Avhich is yellow and soluble in water, but is of no value to 
the dyer : it is a Aveak acid, of a*bitter taste. If an infusion of 
safflower be mixed Avith an acetic solution of acetate of lead, a 
^ soluble yellow salt of lead is formed, Avhich on the addition of 
ammonia is precipitated in dark yellow flocculi. 

The really valuable colouring principle of the saffloAver is red, 
and is employed for artists fo^ jdnk snucei's, and for imparting a 
beautiful and brilliant roti - to silk ; but it fades quickly when 
exposed to the sim^s light. 

Carihamin (CVsTlioOu), as this substance is termed, is insoluble 
in Avatcr and in acids, but is easily dissolved by the alkalies ; 
on adding an acid to the solution it i^ again precipitated : it is 
also soluble in alcohol. C^arthamin may be obtained by digesting 
safflower in Aveak acetic acid, in order* to remove the yellow dye- 
stuff; the washed dye is next digested in a solution of carbonate 
of soda; a skein of cotton is then ])laced in the liquid, and lemon- 
juice, or a solution of citric aiud, is added. The cotton yarn me- 
chanically remoA^es the floeculeut precipitate of caj’thamin fi'oin 
the liquid ; the yarn must be washed with cold water, the colour- 
ing matter again dissolved by carbonate of soda, and rcprecipitated 
by the addition of citric acid. Cartharnin when dry is a red 
puhxrulcnt substance ; it has a greenish metallic lustre when 
AucAved in mass, but in thin layers it is of a beautiful puj*plish 
red. Its solutions in alkalies gradually absorb oxygen and become 
altered. 

(1279) 5 ’ Carmine is contained in the Coccus cacti, being the 
colouring matter of the cochineal. After treating the ])ow- 
dered insects with ether to remove the fat, the insoluble 
portion is digested in Avatcr, and, on adding acetate of lead, a 
lead lake is precipitated of a purple colour. This must be well 
Avashed, decomposed by sulphuretted h\drogen, and the filtered 
solution evaporated to dryness in vacuo over sulphuric acid. 
De la Rue finds the colouring matter of the cochineal thus obtained 
to be an acid body, whiclt he terras carminic acid (C28H|40ie). 
It is a purple brown, friable mass, soluble in all proportions 
in alcohol and in water, but very slightly soluble in <jther; it 
inay be dissolved unchanged in strong sulphuric and hydrochloric 
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acids. Nitric acid even if dilute decomposes it ; cliloriue, iodine, 
and bromine, also decompose k, and change its colour to yellow. 
The fixed alkalies change the colour of the aqueous solution to 
purple: the alkaline eartlis give purple precipitates; wkh alum 
no lake is produced till ammonia is added, when it falls as a 
beautiful crimson precipitate. The lakes, with acetate of lead, 
and with salts of copper, zinc, mid silver, are purple ; with salts 
of tin a bright crimson solution is obtained. 

When carminic acid is treated with dilute nitric acid it yields 
an acid of a yellow colour, wdiich crystallizes i^ rhombic plates ; 
it is very soluble in boiling w'atcr, in alcohol, and in ether.. It 
is termed nitrococcussic acid (2 TIO, CnjIl3(N0.d30, 2 Aq), and is 
isomeric with trinitranisic acid. It deflagrates strongly wdien heated. 
Its salts arc soluble in w'ater, ainl most of them are also diss dved 
by alcohol. Cochineal is extensively employed, in combination 
wdth oxide of tin, as a scarlet dye for cloth. 

6, Lac Dye is very similar to cochineal in its nature, being 
also furnished by a species of coccus. Of late years this dyc- 
stufi* has been extensively substituted for the more costly cochineal, 
and it furnishes scarlets (Mpuilly vivid, and even more permanent, 
but the pinks are not so good. In dyeing scarlets the liquid 
employed for dissolving the (Colouring matter is a solution of tin 
in concentrated hydrochloric acid, 20 lb. of a(dd being required lor 
each pound of tin ; the dyc-stuft‘ is digested in an equal w^eight of 
this liquid, and the cloth, after being cleansed by boiling with fuller^s 
earth, is introduced into a bath containing a mordant composed of 
a solution of protochloridc of tin, prepared by gradually dissolving 
41b. of tin in a mixture of 27 11). of hydrochloric acid, and i|- lb. 
of nitric acid (sp. gr. nq). In order to dye 100 lb. of cloth, the 
following process, acc^)r(iing to Urc, is adopted : — 300 gallons of 
water arc raised to in a tin boiler, and i^^lb. of solution of 
tin mordant and a handful of bran arc added ; when the liquor 
boils it is skimmed, and lo.l lb. of lac dye previously dissolved 
in the acid, and 23^ lb. of mordant, are introduced ; immediately 
after which io|- lb. of bitartrate of potash, and 4 lb. of ground 
sumach arc suspended in a bag in the bath for five minutes, and 
then withdrawn ; the fire is now extkiguished, and 20 gallons of 
.cold w'ater containing 10 lb. of tin mordant are added, after which 
the cloth is introduced ; the liquid is then boiled for an hour, and 
at the end of that time the cloth is withdrawn and well rinsed. 

(1280) 7. Extract of Aloes. — This substance may, by the action 
of nitric* acid, be made to yield various compounds, which admit 
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of being fixed hy me ans of mordants upon silken and woollen 
fabj'ics, to wliicli they iin])art dyes, of great dui'ability and beauty. 
Extract of aloes contains a compound wliicli is soluble both in 
water und in aleohob termed aloiu ; wlicn exposed to the air it 
absorlxs oxygc‘ii, and becomes of an intense rcid colour. 

j4/oiu (tVilliH^hi ^ Steiihouse). — In order to extract this sub- 
stance, powdered Bavbudoes aloes, mixed with sand to prevent the 
) articles from agglomerating’, are treated with cold water ; the 
<lai k lujiiid thus obtained, if evaporated iu vamo to the consistence 
<>i‘ syrup, and left ibr a few days in a cool ])laee, deposits granular 
(MT.stals, which arci more or l(‘ss dccjdy coloured : these must be 
pressed between folds of blotting ]>aper, and recrystallizcd from 
w at(‘r, tlie tem})cratnj'c of whicli is not to cxccchI Aloin may 

also be obtained in (nystals 1‘rom a Avarm alcoholic solution, in groups 
of p{do yellow needli^s. Cape aloes and Socotriiic aloes also con- 
tain aloin, but it is accompanied ])y a largo proportion of foreign 
matters, wbich iuhirferc with its crystallization. Aloiu is a 
neutral siibstauec', with a swec^lish, intensely Idttcr, persistent taste. 
It constitutes the purgative iiigredieut in aloes. At a tempe- 
rafuV«of 21:2^ it is rapidly alterc<l ; at 300^ it melts, and if heated 
strongly in tin*- open air it burns with a smoky fiamc. The alkalies, 
both (.'austic and carbojiatcd, dissolve it reatlily, forming orange- 
coloured solutions. . 

When extract of aloes is treated with nitric acid it yields 
Chrysammic add ( 1 1 0 , Cj J r(N()^)o( ). >) . This compound is obtained 
by treating extract of alo(‘s tor some days with 8 times its weight 
of nitric acid (sp, gr. i '37), distilling off the greater part of the 
acid, and then adding water; chrysammic acid is precipitated. It is 
nearly insol uhlc in watc’i’, but soluble iu alcohol and in ether, from 
which it may he obtained in golden yelloAr plates; on the appli- 
cation offbeat it is decomposed with explosion. Its salts are 
soluble ill hot w ater and form decj) red. solutions ; most of them 
may he crystallized, and the crystals exhibit a metallic lustre, 
aimmonia dissolves the acid with the formation of a beautiful 
purple-coloured solution, from which, on the addition of a neutral 
salt, such as nitrate of potash, an amidated compound is deposited 
in brilliant dark green needles, whhdi exert a polarizing action 
upon light which is transmitted through them. 

Schunck finds other acids in the motlier liquor from which 
the chrysammic acid has been scparati^d ; one of these, termed 
chrysolepic acid, appears to be klcntical with carbazotic acid ; tw o 
other rcsinoid acids, the aloetic (HO, CuHjj(N 04^)20, Aq ?), and 
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alxK'retirtiCy arc also formed at tlie same time ; they have an in- 
tensely bitter taste, and form salts. 

(1281) Blue Dyes. — i. Indigo. — The most important of the 
bine colouring matters, and the one which has been most ac?*urately 
studied, is indigo, which is chiefly obtained from the leav(is of 
various species of the Indigqfera. Crude indigo contains a definite 
colouring material, termed ind}gotin, or indigo blue, from wliieh 
numerous derivatives belonging to the indigo series have ])ecii 
obtained. Such of them as contain nitiogcm have hitherto been 
procured from natural indigo only, but by the ^yutamorjdiosis of 
these azotized compounds, bodies of a less com])licatcd order liave 
been obtaiin^d, many of which belong to the salicylic, the kinic, 
and the phenic groups. The following arc tlie most important 
of the immediate deinvatives of indigo : if indigo blue be described 
under the term indyl, tluar relations to it will then be r(‘pre- 


sented bv the formuhe of the fourth column 


Iiidigo-Mne . 
"Wlii to Indigo 
1 satin . . 

Isatio acid . 

Isaihyd . . 


. (.h,,n,No, 
no, Cl, 11,, 50 , 

. Ci,lI,NO, 


Tndin C,JTi,]SV)i = 

ITydrindin . . . CgolTiiN./.).! = 


Tndyl . . , . Tn 

ITydridc of Indy] I u, TT 
Oxid-e of In dy 1 Tn . O., 

flO, liik 

( Oxide of Tndyl ) In ) 

( and of liydrogen ) II ) - 

( J'olyineride of ) -r ^ 

I Tndyl ) 

Jlydrido of Tndin Irn, IT. 


(1282) Condition of Indigo in the Plant. — Indigo is extracted 
from the leaves of a variety of plants, princ*i[)ally the produce of 
India and America: it is especially obtained from the various 
kinds of Indigofer a. The produce of tlic Indigofera anil was 
particularly examined by ("iievrcul : the Imtis tinctoria, or 
common woad, and s(U'(H*a,l otlie* phnits, also yield indigo in small 
quantity, and it has been stated to occur occasionally in the 
milk of cows, and in human urine ; so that indigo may be pro^ 
duced under circumstances apparently widely different. 

The blue colouring matter of indigo is not soluble in water 
or in alkaline leys, but by treatment with deoxidizing agents, 
in contact with water, it may be made to combine with an addi- 
tional equivalent of hydrogen, and produce a white substance, 
termed reduced indigo, which is also insoluble iu water, but is 
soluble in alkaline leys. When an alkaline solution of this 
reduced indigo is exposed to the ait it absorbs oxygen, and is 
converted into indigo blue, wliicli is precipitated in the insoluble * 
form. 
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In their growing state, the plants which yield indigo give 
no evidence of its presence, the* jaice being of a yellow colour. 
Chevreul supposes that the indigo exists in the plant in the 
reducefl form ; but, as Schunck has shown, this view is erroneous, 
since the juice of the plant is always acid, and reduced indigo 
requires an alkaline liquid for its solution. Moreover, as soon as 
such a solution is exposed to the air it becomcjp blue, and this is 
not the ease with the juice of the Indigojh^a, Schunck has 
recently made the question of the condition in which indigo is 
containe d in these plants the subject of a special inquiry ; and 
although at present his experiments have only been conducted 
iq)on the woad, or halts tinctoria, which may be readily cultivated 
in this country, the results which he has obtained possess con- 
siderable value and interest [ManchesU 7 \ Meiaoirs (1855), vol. xii, 
]). 177). From these experiments he concludes, that the woad does 
not contain indigo ready formed either in the blue or in the 
colourless state ; that the indigo- producing substance is soluble in 
water; and that the formation of tiic blue colouring matter in 
i|mtoy extracts of the jdant is neither caused nor promoted by 
tne^fetion of oxygcni or of the alkalies, l)ut that the plant contains 
a ])eculiar principle, whicb he terms Indican l'ld« 

body, by its decomposition, yields indigo. He found that, when 
heated with sul])huric or hydro(ddoric acid, it was decomposed ; 
indigo blue, indigo red, and a ])articular species of sugar (Cj.jlli^^Ojg) 
were formed. Indieaii is a yt llow, trans])arent, amorphous sub- 
stance ; it is very delicjuescmit, and is also soluble in alcohol and in 
ether. It lias a slightly bitter, nauseous taste; when boiled with 
caustic alkalies it evolves ammonia. A solution of indiean becomes 
of a briglit yellow e.olojir when mixed with alkalies, or witli lime 
or baryta. Acetate of lead occasions a sulphur yellow jirecdpitate 
in its ah’ohoiie solution, but none in its aqueous solution till 
ammonia has bcim added. Solutions of indiean must be evaporated 
without the :q)plieation of heat; for if its aqueous solution be 
heated it undergoes a complete change ; tlie elements of w’ater are 
assimilated, and a substance is obtained which is not soluble in 
ether, and is dissolved but in small quantity by alcohol : the 
aqueous solution of this new body does not form indigo blue 
when boiled with acids, but it yields black flocculi consisting 
of two compounds ; one^ of wdiich is a resinous substance, 
fusible in boiling water, and the other a humus-like com- 
pound, which Schunck considers to be identical with the indigo 
brown of Berzelius. These observations show how important 
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it " is to avoid the use of boiling water in the preparation 
of indigo on the large scalfi. Solutions of iiuliean wliieli 
have been mixed with alkalies, and then boiled with aeidii^ yield 
no indigo blue, but a mixture of this humus-like body and 
resin. 

Extraction of Indigo. — If the dried leaves of tlie Indigofera 
be digested in cold water for sty me hours, a green solution is 
obtained, which when exposed to tlic air uudcM-gocs hu-inentation, 
during which indigo is separated in tlie form of a blue sediment. 
The mode of preparing indigo, usually adoi)t(Ml in *1110 East Indies, 
is stated to be the following: — the green plants, cut at the 
flowering time, arc placed in wooden troughs and covered with, 
water ; after the lapse of a few hours a sort of ferincutation takes 
place in the mixture, ammonia and carhonie acid are disengaged, 
and the licpiid in the troughs becomes covered with a blue iridescent 
film. The licpiid is at this stage drawn off into other troughs, 
where a small quantity of lime is added, and, on briskly agitating 
the mixture, the pigment separates as a deep blue granular 
powder. This is drained oUi calico, pressed, cut into cakes, and 
dried. 

The indigo of comrnoree is by no means a homogeneous body. 
Its most important constituciit is indlgotin, or indigo blue, but 
it contains several other substances, and in partioidar two bodies, 
known as indigo brown and indigo red. The broun eolouririg 
matter is soluble in potash : the indigo red may be extracted by 
means of boiling alcohol. 

(1283) Indigo bine ov Indigotin (Ck-II-NCX) may be separated 
from these impuidties by the process of sublimation. If a 
small quantity of indigo be b.c.^Ld between two watch-glasses 
so as to protect it from the air, a considerable proportion of it is 
decomposed, but a portion becomes condensed in light copper- 
colourcd six-sided crystals upon the surface of the mass operated 
on. Pure indigo blue is, however, obtained more abundantly 
by the following plan: — 4 ounces of commercial indigo in fir^e 
powder, and 4 ounces of grape sugar, are placed in a flask 
capable of containing 10 pints of liquid ; 6 ounces of a saturated 
solution of caustic soda arc then added, and the flask is filled up 
with boiling alcohol ; it is then closed so as to prevent the access 
of air, and the mixture after agitation is»sct aside. In a few hours 
it becomes clear ; the yellowish red solution is then drawn off with 
a syphoif, and if left exposed in open vessels it rapidly absorbs 
oxygen, becomes brown, and deposits crystals, which after being 
PART III. M M 
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treated first with alcohol, and then with hot water, and dried, 
form perfectly pure indigo blue. Good indigo yields nearly half 
its weight of crystallized indigo blue (Fritsehe). 

Indigotin fuses at about 5^0®, and furnishes purple vapours. 
Amongst the products of its destructive distillation are hydro- 
cyaaatc and carbonate of ammonia, aniline, and/a peculiar empy- 
reumatic oil. Indigo blue is metameric with cyaij^de of benzoyl. It 
is insoluble in water, alcohol, ether, the fixed j^id volatile oils, as 
well as in dilute acids and alkalies. 

(1284) Co 7 ttpouuds of Indigo tviih Bulphnric Acid . — Sulphuric 
acid appears to form several compounds with indigo ; tw^o of them 
have been analysed, viz., the sulphmdylic, or sulphindigotic acid, 
and the sulphopurpnric. or sulphophenicic acid ; a third acid, the 
hypomlphindigotic, appears also to be produced along with the 
foregoing acids, 

Sulphmdylic Acid (IIO, Ci,5H4NO, S^O^). — When commercial 
indigo is triturated wdth 6 times its weight of fuming sulphuric 
acid, considerable heat is developed, and a blue solution is formed, 
which is extensi>cly used for dyenng cloth, under the name of 
ScLTony blue. Ordinary oil of vitriol may also be employed to 
dissolve indigo, but more than double the quantity of such acid is 
required, and it must be heated to 130° or If a sufficient 

amount of ac'id 1)(‘ employed, almost the whole of the indigo may 
1)0 diss()lv('d, aiid if the liquid be allowed to stand for a few hours, 
it w ill remain clear on being diluted. The filtered liquid contains a 
mixture of sulpli indy lie and hyposulphindigotic acids. If the 
original acid liquid be diluted with from thirty to fifty times its 
bulk of water, and flannel which has been washed with soap 
and carbonate of soda, and then with water, be immersed in the 
liquid^ the indigo acids will attach themselves to the flannel, 
leaving the excess of sulphuric acid in the mother liquor. The 
colouring matter may be entirely removcxl from the flannel by 
digesting it in a dilute solution of carbonate of ammonia : a deep 
blue liquid is thus obtained, which, when evaporated to dryness 
and treated with alcohol, is separated into sulphindylate of 
ammonia, which is insoluble, and hyposulphindigotatc of ammonia, 
which is dissolved by the rdcuhol. 

Sulphindylate of potash (KO, Cj(Jl4NO, 820^) is sparingly 
soluble in cold water, and is precipitated in flocculi, when acetate 
of potash is added to a crude solution of indigo in sulphuric acid, 
after dilution with 10 parts of water. The sulphindylAtes form 
blue solutions, which appear red when held between the eye and 
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the sun. These solutions are rendered colourless by the action of 
reducing agents, but regain their blue colour by exposure to 
the air. 

Sulphopurpuric Acid (2 C10H5NO2, S^Oo = HO, C32n9N203, 
— This constitutes the greater part of the insoluble residue 
Mliich is left upon the filter when indigo is treated with a propor- 
tion of sulphuric acid too suuJJ to dissohe it wholly. It is 
insoluble in liquids containing free acid; but it forms a blue 
solution in pure water. When acetate of potash is added to this 
liquid it gives a purple precipitate of sulpliopurpitrate of potash. 

(128 5) Reduced Indigo, IVhile Indigo, or Indigogen (C]^IIj.N02). 
When blue indigo is treated with deoxidizing agents, such as a 
mixture of protosulpliatc of iron and potash, a yellow solution is 
formed, containing reduced indigo, a compound in which J equi- 
valent more of hydrogen is present than in blue indigo. On 
neutralizing the alkaline liquid by acetic acid, the reduced indigo 
falls in dirty white flocculi, which arc insoluble in water, but 
sliglitly soluble in alcohol and in ether ; even when dry they 
gradually absorb oxygen frqni the air, but tlui a];sorj)tion is much 
more rapid when moist, water and indigo blue being re])roduecd. 
The dilute acids are without elfect upon redialed indigo; but 
fuming sulphuric acid dissolves it, forming a (h^ep ])i)rple liquid ; 
if diluted with water it becomes blue, and is converted into sul- 
pliindylic acid. Tlie alkaline solutions of reduced indigo are 
precipitated by many of the solutions of the metals, and the com- 
pounds thus formed spcicdily become blue by exposure to the air. 

The reduction of indigo from the blue to the white form may 
be effected by several processes ; — 

1. By means of sugar, on Fritschc^s plan, which has been 
already described (1283). 

2. By the action of annixturc of ijrotosulpliatc of iron and some 
alkali. Advantage is taken of this in the preparation of the 
indigo bath for dyeing purposes. The copperas val, as it is 

^ termed, is employed in dyeing cottons and linen goods. The 
proportions to be used will vary with the quality of the indigo, 
but for laboratory purposes the following ingredients may be em- 
ployed : — I part of powdered indigo, 2 of sulphate of iron, 3 of 
slaked lime, and 150 or 200 of water. The reaction is somewhat 
complicated ; the lime acting on the ^sulphate of iron sets free 
hydrated protoxide of iron, and this oxide in the presence of water 
takes up an additional quantity of oxygen, becoming converted 
into the hydrated peroxide, whilst the liberated hydrogen unites 

mm2 
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with the indigo hliie, and constitutes reduced indigo, which becomes 
dissolved by the excess of lime, foi’ming a yellow solution : — 

2 (FcO, SC)^) + 2 (CaO, nO) = 2 (FeO, HO) + 2 (CaO, SO3) ; and 

Indigo Blue. White Indigo. 

2 (FeO, HO) + no + = Fc^Og, 2 HO + CigHoNoJ 

If the alkaline liquid thus obj;gined be exposed to the air, it 
becomes covered with a blue film, and deposits nearly pure indigo, 
and if mixed with hydrochloric acid, in vessels filled with carbonic 
acid, white indige is obtained. If yarn or woven goods be immersed 
in such a solution, and then exposed to the air, the reduced indigo 
ra])idly absorbs oxygen, and becomes converted into blue indigo 
within the fibres of the tissue, with wdiich it contracts an intimate 
adhesion. The blue dye thus obtained is very intense and per- 
manent, since it is insoluble in all ordinary solvents. 

3. By means of orpiment and protoehloride of tin, which arc 
sometimes substituted in calico ])rinting, as reducing agents in the 
place of the protosulphate of iron; in this case potash is employed 
instead of lime water as the solvent 4! the reduc(MV indigo. 

4. By means of detiaying vegetable matter, which answers 
the same purjiose as the sulphate of iron. This vat is chiefly 
used for dyeing yarns, and is prepared by some manufacturers in 
tJie following manner : — 4 parts of finely powdered indigo, 50 of 
woad, 2 of madder, and 2 of carbonate of potash, are mixed with 
2000 of water, and the mixture is kept for some hours at a tern- 
])('i’aUir(^ of about 1 94 ' ; 1 J j)art of recently slaked lime is then 
added in small quantities at a time, after wliieli fermentatiou com- 
mcnees ; formic, acetic, and carbonic acids are formed, as well as 
ammonia. The lime reduces the carbonate of potash to the 
ciiustic^taio. and enables it to dissolve the indigo which has been 
reduccjd during fermentation by the decomposition of the vegetable 
matter, riic addition of the lime is attended with the further 
advantage ])rccij)itatiug a portion of brown colouring matter 
tliat woidd otherwise deaden the tint of the goods. The foam or 
flotver of the vat has a heaiitifid blue iridescent appearance 
caused by reoxidation of the indigo at the surface, but the liquid 
beneath is of a deep yellow <‘o!our ; by exposure to air it becomes 
green and finally depoMt s blue indigo. To prevent this reoxidation 
the vats are kept covered wjicii not in actual use; and fresh materials 
are added from time to time in order to maintain the liquor at a 
uniform strength. 

Starcili, sugar, bran, and other vegetable matters may be sub- 
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stituted for tlic madder and the woad in the indigo vat. Those 
substances undergo fcrincutatidn, and act as deoxidizing agents ; 
probably lactic and butyric acids arc generated, and thc^ indigo 
is reduced by the hydrogen, while the latter is in the act of being 
liberated. 

(1286) Ansaij of Indigo . — The quality of commercial indigo 
varies greatly ; the purest specimens usually occur in small masses 
of an intense violet-blue colour, which by frictioti with a hard 
smooth body acquire a coppery lustre. The best kinds arc sufli- 
ciently light to float upon Avater, and when brokoit they do not con- 
tain cavities which exhibit brown or whitish v^eins. Indigo is, how- 
ever, frequently adulterated with sand, with starch, aiul sometimes, 
it is said, with powdered lead. Good indigo should not leave more 
than from 5 to 8 per cent, of ash, calculated upon the dried mass ; 
during drying it loses from 5 to 8 per cent, of water. Starch may 
be detected by treating the indigo with boiling water very faintly 
alkalized, and, after neutralizing the filtrate, testing it with iodine. 

A simple method of detenniuing the relative value of any 
sample of indigo, has been proposed by Bolley, who estimates its 
tinctorial power by measuring the amount of a standard solution 
of chlorate of potash, which is rcfjuircd to destroy the blue colour 
of a given sample: — 10 grains of the indigo for assay arc reduced 
to a very fine powchu’, and triturated with 2 fluid drachms of 
fiinjirig sulphuric acid; tlic mixture is allowed to digest for twelve 
hours in a closed vessel with occasional agitation. The indigo 
must be completely dissolved before the next part of the process is 
commenced. As soon as the solution is ellceted, the licjuid is to 
he poured into a capsule with about a pint of water, containing 
an ounce of pure hydrochloric acid, and the mixture is brought to 
the boiling point. A solution of chlorate of potash containing 
2’ 5 grains of the salt in fooo grains of water, is then to be added 
from an ordinary alkalimeter, drop by drop to the boiling liquid ; the 
blue colour first becomes green, then greenish-brown, and wlien 
the last tinge of green disappears and has been replaced by a 
reddish-brown, the operation is complete. The number of divi- 
sions of the liquid required docs not indicate the percentage of 
indigo blue, but simply the relative value of the different samples 
compared together. 

Penny substitutes bichromate of pc^ash for the chlorate ; 100 
parts of pure indigo blue requiring exactly 7 5 of the bichromate for 
decoloration : by this means an exact determination of the amount 
of indigo blue may be effected. 
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(1287) Products of the Oxidation of Indigo . — The action of 
oxidizing agents upon indigo gives Vise to several interesting prr)- 
ducts. ^ Concentrated chromic acid breaks up the constituent 
mohicule of iridigOj and occasions a copious disengagement of car- 
bonic acid ; but if a more dilute solution of chromic acid be 
employed^ the indigo is converted into isatin : a similar change is 
eflected by the action of dilute niijric acid : — 

Indipo Blue. Isatin. 

+ o, = 


The oxidizing action proceeds further if the indigo be treated 
with nitric acid in a more concentrated form ; thus^ if indigo be 
boiled with fuming nitric acid diluted with 10 or 12 ])arts 
of water, iiidigotic, or nitro-salicylic acid is formed (HO, 
Ci.iIl4,,N04,05 ; 1^3.3) i and by a prolonged action of the nitric 
acid, earbazotic acid (IIO, Ci2H^(NO,,);30 ; 1326) is produced; 
both these compounds contain less carbon than the true indigo 
group, and this carbon is prol)ably separated in the form of car- 
bonic or of oxalic acid. 

The oxidizing effect of hydrate of potash upon indigo is some- 
what diflTerent from that of nitric acid. If indigo in fine powder be 
boiled with a solution of jiotash (of sp. gr. it is dissolved 

without the extrication of gas, and an orange-coloured liquid is 
formed, which on cooling deposits yellow crystals. If these 
crystals lie dissolved in watc^r, and treated with an excess of hydi*o- 
ehlorie acid, a dirty bluish-red precipitate is formed; this sub- 
stance constitutes Pritsehe^s chrysaniJic acid, but according to 
Gerhardt, the preeij)Itatc consists of a mixture of reduced indigo 
with isatin, and the chemist last named represents the action of 
the solution of hydrate of potash on indigo thus: — 




Isatate of Potash 


White Indiffo, 


3 (f^clI5^oJ + Ko,no -f 2 no = 11 , 1 ^ 0 , + 2 


By exposure of the solution of the yellow crystals to the air, 
oxygen is absorbed and indigo blue is deposited. If indigo be 
fused with hydiate of ])otash, hydrogen is evolved and salicylic 
acid is amongst the jwod’v f.s ; but if to a concentrated boiling 
solution of potash indigo b(; added, care being taken to replace 
the water as it evaporates,, and if to the boiling liquid powdered 
peroxide of manganese be added until the solution ceases to deposit 
indigo when exposed to the air, a different compound is the result, 
and anthrauilic acid is obtained in combination with potash. 
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Anthramlic acid (IIO, Ci4,H(5N03) maybe procured by nciitraUziiig 
the potash with sulphuric acid/ evaporating to dryness, dissolving 
the anthranilate of potash by means of alcohol, which leaves the 
sulphate, and decomposing the anthranilate of potash by the addition 
of acetic acid. On evaporating the alcoholic solution, this acid is 
obtained in brilliant plates, or in four or six-sided needles. Antiira- 
nilic is metarneric with benzamig acid (1209). If heated gently it 
may be sublimed unchanged, but if the temperature be suddenly 
raised the acid becomes decomposed into aniline and carbonic acid: — 

Antliranilic Acid. Atiiliuo. 

riO,Ci JI,NO^ = C^IIyN + 2 CO,. 

(1288) Isatin (CitjlI^NOj,). — This substance, which contains 
two ecpiivalents more of oxygen than indigo blue, may he obtained 
by heating indigo in a dilute solution of bichromate of potash 
and sulphuric acid, or by the following process Powdered com- 
• incrcial indigo, of good quality, is to be mixed with a sutlicieut 
quantity of water to reduce it to a thin cream, and the mixture is 
to be gently heated ; nitrb) acid must then be added in small 
quantities at a time until the blue colour has disa[>pcarcd ; 10 
parts of indigo require 6 or 7 ])arts of acid. Tlie mass must next 
be largely diluted with water, boiled, and filtered whilst boiling liot ; 
the undissolvcd residue must be again boiled with water, and the 
filtered solution added to tlu^ first portions : crystals are (h'posited 
as the liquid cools ; they must be washed with water containing a 
little ammonia, then dissolved in alcohol and recrystallized, 

Isatin crystallizes in brilliant orange-coloured rhombic ])risms ; 
it is sparingly soluble in cold water, but is readily dissf)lvcd by 
boiling water and by alcohol. On the a])piicatiou of heat to the 
crystals they melt and arc volatilized, emitting acrid vapours of a 
yellow colour. When i^atiii is distilled in closed vessels a consi- 
derable portion of it undci goes decomposition. Isatin is ea])ablc of 
exchanging an equivalent of hydrogen lor one of a metal ; thus, if 
an alcoholic solution of isatin be mixed with one of nitrate of silver, 
a wine-red amorphous precipitate of urgeni isatin (CielljAgNOd 
is formed. Solution of potash dissolves isatin freely, and 
forms a purple liquid, which on boiling becomes yellow. When 
examined after this change of colour has occurred, the elements 
of the isatin are found to have corabingd wdth those of water, thus 
producing isatic acid (110, CigH^jNOg), which remains in combina- 
tion with the potash. 

If isatin be heated with solid hydrate of potash it is decom- 
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poscd^ hydrogen is liberated^ carbonic acid is formed and is retained 
in combination with the potash, wMlst aniline distils over: — 

laatiT). Aniline. 

+ 4(H0, KO) + 4(K0,C02) + 

(1289) The action of chlorine upon indigo is peculiar; it im- 
mediately discliargcs the blue colour, and produces (in addition to 
formic acid, muriate of ammonia,’ and a brown resinous substance) 
ibur distinct cldoriuated compounds. Two of these, viz., chloru 
satin ^ Cj(5H,,ClNp_^, and dichhrisatin Ci(jIl3Cl2N04, are yellow, 
sparingly soluble, crystallizablc substances formed upon the type 
of isatin. A third chlorinated compound is trichloraniline 
(C,2lT.tCl3N), and it is usually accompanied by a certain quantity 
of trichlorophcnic acid (110, Chlorisatin and dichlori- 

satin arc soluble in alcohol ; Avhen heated with a solution of potash 
they yield acids, — the cJdorisatic (11 0, Cit}II.-ClN05), and dichlori- 
satic acid (110, CjcJl iCLNO.), corresponding with isatic acid ; and,^ 
if distilled with hydi'atc of potash they give chlorinated bases of a 
composition corresponding to that of aniline, — 

Chtoranilinc being composed of Cj^HijCl N, and 
I)ichloraHUnie of .... Ci^lJr^Cl^N. 

The reaction is precisely analogous to tliat with pure isatin 
(seep. 41). ^ 

The action of bromine upon indigo is analogous to that of 
chlorine, though it is less v iolent. 

( I 290) Ammoniacat dcricatives of Isatin. — AVlicn isatin is treated 
with ammonia it gives rise to a number of amidated ])roducts, the 
composition of which varies with the degree of concentration of 
the ammonia : they have been particularly studied by Laurent [Amu 
dc (dtimie. 111. iii. 483). The following table exhibits the reactions 
which attend their formation : — 

Isatin. 

.Tmesatin . . , C„H,, N.O. == + HgTST - 3 HO 

Imasatin . . . CVUJ ^^''06 = 2(C,fill5NOj -j- H.^N — 2 HO 

Ifiamioamd HO. (VJITi 2N;0- = 2(r„ILNOd + H;N 
Aniasatinorisaniido (\Jl,'N^()r. = 2K\JT.,N()d + 2 — 2 HO 

Latiniide . . . + 2 H^N -- 4 HO. 

Chlorisatin and dichlorisatin when heated with ammonia yield 
corresponding compounds 

(1291) Isathyd — ^This substance stands in the 

same relation to isatin that white indigo does to blue indigo; that 
is to say, it contains one equivalent more of hydrogen than isatin. 
In order to jirocure isathyd an alcoholic solntion of isatin is mixc‘d 
with oue of hydrosulphate of ammonia, and set aside for a week in 
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a closed bottle; crystals of suljdmr arc gradually deposited, mixed 
with prismatic needles of isathyd. The sulphur must be removed 
by digestion with bisulphide of carbon. A better method, how- 
ever, consists in placing powdered isatin in a flask with a consider- 
able quantity of water acidulated with sulphuric acid, then intro- 
ducing a plate of pure zinc, and heating the whole to the boiling point. 
As the isatin becomes dissolve^^, it combines witli the nascent 
hydrogen, and is converted into isatliyd, which is deposited in the 
form of a crystalline powder. Isatliyd is a greyish wliite, tasteless 
Substance, which is insoluble in water, and but. sparingly soluble 
in alcohol and in ether even at a boiling temperature : it is 
deposited from these solutions as they cool in minute oblique 
jndsrns. If heated, it softens and becomes decomposed, and 
acfjiiiros a violet brown tint. Iloiling nitric acid eoloui’s it ^'i()let, 
and dissolves it. Isatliyd yields various substitution products with 
clilorine and with bromine. 

When a current of siilplmretted bydrogen is transmitted tbrongb 
a boiling concentrated alcohol ic solution ot isatin, the isatin is con- 
verted into isatliyd, and t^i^, Jit the moment of its formation, 
becomes deeomj)o.sed, and himUphtscttkyd, a sulpburettcd compound 
corresponding in coinpositioii to isatliyd, is formed : 


Isatin. 

cIii,Nhj + ns 


l.sulhyd. 


Isatliyd- 

+ alls 

When the liquid Inas lieeomc clear by the depo^'ition of the 
sulphur, the bisulphisathyd may bo precipitated by the addition of 
water. It is a yellowish grey, i.a,'>teless powder, wliieli softens at 
212°; alcohol and ether dissolve it, but do not yield it iu a crystal- 
line form on evaporation. 

Various other sulphuretted derivatives may be obtained from 


llisulphisaf liyd. 

(^ 3^0 A + 4 110. 


isatin (Laurent, loc. cit.) 

(1292) Indin (C^^IIioN-A).— This substance appears to be 
polymeric with indigo blue. It is of a beautiful rose-colour, is inso- 
luble in water, and but sparingly soluble iu alcohol and ether, even 
at a boiling temperature. In order to prepare indin, bisulphisathyd 
IS triturated in a mortar for some minutes with a concentrated 
solution of potash, adding a few drops j)f the alkaline solution from 
time to time, until a rose-colour begins to show itself. Alcohol 
is then to be added iu small quantities at a time, continuing to 
triturate the mass until the mixture has assumed a deep rose-colour. 
It is then to be diluted with alcohol, and the insoluble portion 
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collected on a filter and washed first with alcohol, then with water. 
If this residue be dissolved in a concentrated solution of potash, 
black needles of indinate of potash (Cg.jHyKNyO J are deposited. 
They must be washed with absolute alcohol, and decomposed with 
a weak solution of hydrochloric acid. Pure pulverulent indin is 
left oil washing the insoluble residue. Nitrindm Cjjalls 2 (N04)N304, 
chloriridui (C32HyCl2N204), and bichlorindin (C32II6CI4N2O4) are 
substitution compounds obtainable from indin. 

llydnndm (CViHnNaOi, Aq?) — This substance appears to stand 
in a similar relation to indin that reduced indigo does to blue 
indigo. AVlien the black solution of indinate of potash is heated 
with an excess of an alcoholic solution of the alkali, the colour gra- 
dually changes into a pale yellow^, and on cooling deposits crystals 
of hydrifidinaie of jioiash. Water dccomjioses them, and leaves 
hydrindin in the form of a white powder, insoluble in water, and 
sparingly soluble in hot alcohol. 

A number of other conqiounds have been obtained from indigo : 
they arc described by Ijaurent, loc. cit.y and by Erdmann (Journal 
fur prakt. Chemiey vols. xix., xxii., and xxiv). 

(1293) 2. Colouring matters of the Lichens. — Many of the 
lichens aflbrd colouring inattci"s which arc of considerable importance. 
A yellow lichen common on old w'alls [ParmeVuiparietwa) contains a 
colouring matter identical with that of the rhubarb root (1271), and 
the diflerent varieties of Vsnea and oiEvernia furnish an analogous, 
straw^ yellow, crystalline substance, termed usnic acid (110,C3yl^Oi3?) 
which is easily dissolved by ether; it yields red compounds with 
the alkalies. When boiled with an excess of alkali it furnishes a 
suljslance termed by Stenhouse heta-orcin (Ci(jlli()04?) The same 
i'ompouud is obtained by the distillation of usnic acid. These 
acids are unimportant as colouring matters and need not be 
further noticed here. 

(1294) The red, violet, and blue colours, which are known 
in commerce under the names of archily cudbear, and litmus, 
are supplied by different species of Roccella, Variolaria, and Leca- 
nora. The Roccella tribe grow upon rocks on the sea-coast, in 
the Canary Islands, in Sardliiia, and, in Corsica, at the Cape of 
Good Hope, on the western coast of South America, and in 
various other parts of the, world. The Variolaria abounds in 
certain parts of the Pyrenees, and of tlie Alps ; and the Lecanora 
tartarea is abundant on the Swedish mountains. 

None of these lichens furnishes the colouring matter ready 
formed ; but they contain from seven to twelve per cent, of various 
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colourless acids, such as the erythric (C32l5i60i(.?), evernic 
(HO, C34H25O13 ?), and lecanoric acids (HO, €32^1130,3?) ; these 
bodies under the influence of alkalies are readily decomposed into 
new acids, which arc characterized by the production of a violet 
colour with chloride of lime, and into a colourless neutral substance, 
termed orcin (C24H3O4). Orcin is the true colour-producing body ; 
under the influence of ammonia.^it absorbs oxygen, and is con- 
verted into orcein (C24ll7NO(.), an azotized substance possessed of 
high tinctorial power. 

In the preparation of Archil the lichens are •first freed as far 
as may be from earthy impurities, and are made up into a paste 
with some ammoniacal liquid, such as urine to which a quantity of 
lime has been added, for the purpose of liberating its ammonia ; 
the mixture is tlien exposed for some weeks to the air, moisti ning 
it from time to time with fresh quantities of the ammoniacal licjuid. 
A paste is thus olitained of an oftensive odour and of an intense 
violet- red colour; it constitutes the archil of commerce. Cudbear 
is obtained by a similar process from the Lecanora iartarea ; the 
colouring-matter of these ,dyc-stufts consists chiefly of orcein. 
Cudbear is employed chiefly for woollen and silk goods, to which 
it imparts a brilliant but not very permanent dye, of various shades 
of violet, lilac, and purple. 

(1295) Litmus is obtained principally from the Jloccella tlnctoria : 
it is prcjiared by a jirocess similar to that used for archil, lint is 
moistened with a mixture of carbonate of ammonia and carlionate 
of pot|jish. During its ])reparaLion the mass at first assumes a red 
colour, but it ultimately becomes of an intense blue. It is made 
up with chalk or plaster of Paris into small cakes for the market. 
A small portion only of the eoloinfing matter of litmus is soluble 
in water and in alcohol, but it is nearly all soluble in alkaline 
liquids. The chemical Composition of litmus still demands further 
investigation. Kane [PhiL Trans,, 1840), states that litmus con- 
tains several principles; one is a red semi-solid substance, which 
be ternis erythrotem : it is soluble in ammonia with a purple 
colour: another is eryihrolitmin, which forms crystalline grains 
of a dark red colour, soluble in alcohol, but not in ether ; it 
becomes blue by the action of potash : neither of these substances 
contains nitrogen. But the principal constituent of litmus consists 
of a third body termed azolitmin, in Ajdnch nitrogen is present ; it 
is insoluble in alcohol and in ether, and sparingly soluble 
in water ; it is amorphous, and of a brown red colour. 
Ammonia dissolves it and forms a blue solution, which gives blue 
and violet lakes when mixed with the salts of several of the metals. 
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(1296) Assay of Lichens for Colouring Matter . — The diflerenfc 
lichens contain variable amounts of colour-producing ingredients ; 
consequently their commercial value is liable to great variation. 
Stcrihouse estimates tlic comparative value of ditferent samples by 
means of a standard solution of chloride of lime. A given weight 
of the lichens in powder is digested with slaked lime and water 
ill order to extract the colorific ^acid^ and on adding chloride of 
lime to this liquid a red colour is produced^ which disappears in a 
few minutes, leaving a brownish yellow tint ; fresh quantities of 
the chloride arc ludded so long as this red coloration is produced 
by it. Another method also suggested by the same chemist 
consists in adding an acid to the solution of the lichen acids in lime 
water, and collecting and weighing the precipitate of the lichen 
acids. The colour-producing acids may be extracted by the 
following method (Stenhouse) : — The pulverized lichens are mixed 
with water, and, after standing for an hour, a quantity of slaked 
lime is add(‘(l,and the mixture is allowed to digest for some time; 
it is then placed in a linen filter supported in a tin vessel with a 
perforated bottom, and the lie ju id is - gj’adually displaced by the 
cautious addition of w ater, the washing being continued so long 
as the filtrate yields the characteristic purple red colour with solu- 
tion of chloride of lime. On the addition of hydrochloric acid to 
the filtered solution, the lichen acids are preci[)itated in the form 
of a wdiitc gelatinous deposit, from which the water may be 
removed by pi'cssure. acids may then be crystallized from 

warm alcohol, but they must not be boiled with alcohol, otherwise 
compound ethers would be formed, into the composition of wdiich 
the acids entc]’. This remarkable power of ethcrifying alcohol is 
a striking chemical pc'cnliarity of the lichen acids. 

Th(» fonnuiie wdiich represent the composition of the numerous 
de rivatives 01 the lichens are at present Variously represented by 
diflerent clu Juists. Those proposed by Gcrhardt are founded 
chiefiy upon the analyses of Schiinck and of Stenhouse : they 
appear to explain in a simple manner most of the metamorphoses 
wdiich the lichen acids undergo, and they agree with the actual 
results of analysis very nearly as well as the empirical formulae 
adopted provisionally by Stenhouse and other chemists* who have 
specially examined these compounds : — 


See Schuucli xli. ii;7; liv. 257; Ixi. 64); Itochleder and 

Ib'ldt (Ib. xlviii. i ); Stenhouse {Phil. Trans,, 1848, p. 63; 1849, p. 393). 
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CerhartU. 

Usnic acid .... CjJIj-Oj., Stenliourfc 

Erythric acid . . . HO, Coo^Iio<^9 

Picro-eryllirin . . . C.,oir^„0,g Scliurick 

Erytliro-inariQifce . . Aq St^^nhousc 

Eoccolliiiiu .... C^glligOj^ CjjJIjyOij I)o. 

Everriic acid . . . . CajiljgO,^ HO, Do. 

Evertiesic do. . . C^Hi.As HO, O^ Do. 

Lecanoric do. . . . 110,04^11^0;^ Schuiick 

Alplia-orsellesicdo. . C,gllgO;< HO, O7 Stciiliouse 

Orrfellesic(locarioric) ether C4 IJg O. Ciglf-Oy C., II- O, C4;4TT;,Oy Schuiick 
Parellic acid .... ' HO, O.4 II- O.,, Aq Do. 

G3"roplioric acid . . HO, C-y^^Ili^Ojj Stenhouso 

Orcin Cj^TI^ O4, 2 Aq - Ho. 

Peta-orciti .... C3;^ll240* Do. 

Orcein C^^TI-NOg 

(1297) Erythric Arid, or Erythrm (Qj^l — This com- 

pound appears to be present in most of the lichens which yield 
archil. It is soluble in about 240 parts of boilin;^ water, but is 
nearly insoluble in cold water ; hot alcohol also dissolves it, and 
deposits the acid in stellate j^roups of needles. It is likewise 
soluble in ether. When heated in a tube it is decomposed, and 
orcin is sublimed. Tlie alkalies dissolve it with facility. When 
boiled with baryta, a carboiuitc of this base is formed, and orcin is 
liberated : — 

JCrythrio Aoi<l. Orcin. 


C3.1iu.OH, = 4 CO, -f ^(ChJI^O,). 

By long boiling of the aqueous solutions of er^^thric acid, water is 
assimilated, and it is decomposed with evolution of carbonic acid 
into picro-erythrin : — 

Erythric Acid. Piero-prythrin. 


C33HKA6 + 4110 = 2(X), 4 - 

Plcro-erythrm (Cj^oH^oOjj.?) is a colourh^ss substance which is 
sparingly soluble in cold water, b it veiy soluble in boiling water, 
from which, on evaporati^)!!, it miiy ])c obtained in eonfused crystals. 
It has a very bitter taste. Its solutions give a precipitate witli 
subacctate of lead, but none with the neutral acetate : with per- 
chloridc of iron it produces a beautiful purple colour. If heated 
alone in a tube it yields a sublimate of orcin. Alkalies dissolve it 
readily without the aid of heat. Its ammoniacal solution quickly 
becomes red by exposure to the air. When boiled with milk of 
lime or with baryta Avater it is decomposed, carbonate of lime or of 
baryta is formed, and orcin and a new body termed eryihro-mannite 
are produced : — 

Picro-erythrin. Orcin. Erythro-mannito. 

C^oie + 4110 = 3 CO, 4 - 4 - 
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Erythro-mannitCy Pstudo-orcirty ox Erythro-glucin (Ci4HnjOi2 + 
Aq ; Gerhardt)^ is probably homologous with mannite. It may 
be extracted from the solution of the roccella in lime water, by boil- 
ing it for some hours in an open capsule, and then removing the 
excess of lime by means of a current of carbonic acid. On evapo- 
ration a syrupy mass is obtained, consisting chiefly* of orcin and 
crytliro-nianuitc; the former maybe extracted by means of ether 
or of alcohol. Illrythro-mannite crystallizes from the residue in 
the course of a few days, and may be purified by washing it 
with cold alcohol and rccrystallizing from boiling alcohol. Its 
aqueous solution deposits it in broad voluminous, brilliant crystals, 
b(‘longiiig to the jiyramidal system. Erythro-mannite is neutral to 
test papers ; it is very soluble in water, and has a sweet taste, 
but it is not fermentable. When treated with fuming nitrie acid 
kc]^t cool, it yields an exjilosive compound, ^11.1^10 (^^ 4 )gOj 2 j 
which corresponds to nitro-inaimite (946) : this body may be 
crystallized 1‘rom its solution in boiling alcohol in brilliant lamime, 
fusible at 142°. 

(1298) Evernic Acid (IIO, C3jlirPi3?) occurs associated with 
usiiic acid in the Everniia prunasIrL It is scarcely soluble in 
water, even when at a temperature of 212°, but is readily soluble 
in ah'ohol and in ether; wdth j)otash and baryta it yields soluble 
crystallizable salts. When boiled with lime or baryta in excess 
orcin is formed, and a new acid termed evernesic acid : — 

Evoniio Acid. Evornc'sic Acid. Orcin. 

^C 3 dl,« 0 . 7 + 2 IIO = 2 CO, +'c.ji,„or+ 

Evcrnesic acid does not yield orcin ; ammonia docs not produce 
any red colour with it ; nor docs chloride of jime yield with it a 
red or violet colour. 

(1299) If the Lecanora tartarca and some other lichens be 
treated uitii ether, and the solution be evaporated, white crystals of 
lecanoric acid'^ -0 are deposited ; this substance is nearly * 

insoluble in cold water, but it is freely dissolved by hot alcohol and by 
ether ; its solution reddens litmus. Perchloride of iron strikes a dull 
pui’plc red with its spirituous solution. If boiled with alcohol it pro- 
duces a true compound ether, The caustic alkalies dissolve lecanoric 
acid, and deprive it of carbonu^ acid, leaving orem in solution. Orcin 
is also obtained by simply heating lecanoric acid and distilling. If 

* Lecanoric acid, according to Gerhai-dt, is identical with the alpha and 
beta orsellic acids of S teahouse. 
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lecanoric acid be treated with ammonia and exposed to the air, the 
acid combines with the elements of ammonia, and a purple com- 
pound is gradually formed,* owing to the production of orcin, 

Alpha-orsellesic Acid (HO, C,gH707) is one of the products 
of the decomposition of lecanoric acid when its solution is boiled 
for a short time with an excess of lime or of baryta ; by prolonged 
boiling it becomes converted intj^ orcin : — 

Lecanoric Acid. a Orsellcsic Acid. 


CaaHitOi* + 3 HO = 2 (CiallHOs) ; and 

a Oracllesic Acid. Orciti. 

= 2 CO 3 + c^()7. 

When cither lecanoric or crythric acid is boiled wdth alcohol for 
some hours orcin is separated, and a substance termed psmdo nij- 
thrin or lecanoric ether, more properly orsellesic ether ((yj^TT-O, 
0,^,11707) is formed : it crystallizes in plates or needles, which may 
be purified by recrystallizaiion from boiling water. It is scarcely 
dissolved by cold water, but is very soluble in alcohol and in ether, 
as well as in alkaline solutions, from which it is precipitated un- 
altered on the addition of an acid. Its anirnouiacal solution, when 
exposed to the air, assumes a wine-red tint. 

In certain cases Sehunck found an acid which he terms parellic 
acid (IIO, CbiH-Oy, Aq ?), accompanying lecanoric acid; it is a 
fusible compound, which docs not yield orcin when treated with 
alkalies. It crystallizes in brilliant, colourless, heavy needles, 
which ore very sparingly soluble in cold water, but freely soluble 
in ether and in alcohol. I^hc alcoholic solution has a very bitter 
taste ; water precipitates the acid from it in a gelatinous form. It 
forms a white insoluble salt with baryta. 

(1300) Orcin (C,.JIy()j,, 2 Aq ; Gcrhardt), Bp, gr, of vapour 
5*7, corresponding to ^3 volumes. — This substance appears to 
exist ready formed in several lichens, but it is generally pro- 
cured by decomposing evernic, erythric, or lecanoric acid, by 
boiling it witli an alkali. Stenhouse prepares orcin by boiling 
the solution obtained by treating one of the varieties of the roc- 
cella or lecanora with lime for some hours, and concentrating it 
by evaporation. The excess of lime must then be removed by 
means of a current of carbonic acid, and the filtered liquid evapo- 
rated to the consistence of a syrup ; this residue must be treated 
with boiling alcohol, and allowed to crystallize ; the red crystals 
thus obtained must be purified by recrystallization from their solu- 
tion in ether. Orcin is a substance with a sweet but mawkish 
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taste. It crystallizes with 2 Aq in colourless, quadrangular prisms, 
and is readily soluble in alcohol, ether, and water. When heated to 
21 2° it melts and gives off its water of erystallization, and at 5 50° it 
may be sublimed unchanged. It is not susceptible of the vinous fer- 
mentation. In its anhydrous form it is metameric with saligcnin. 
With persalts of iron it gives a dark red precipitate ; it gives no 
precipitate with neutral acetate of lead, but with subacctatc of 
load a white precipitate is occasioned (Ci4lIgPb304, 2PbO). With 
chloride of lime orcin gives a purple red colour, which quickly 
changes to a deep yellow. Nitric acid converts orcin into oxalic 
acid, and a resinous substance. 

Orcein (CiJlyNO,,). — If orcin be exposed in a shallow dish 
under a bell-glass with air to the vapour of ammonia, it yields a 
fine red colour ; oxygen is absorbed, and a compound is obtained 
which has received the name of orcein : — 

Oroin^ OrcHn. 

+ II, N + o, ="^i,Nor+ 4110. 

The acpicous solution of the result of the foregoing reaction must 
be mixed with acetic acid, when orcein falls in red fiocculi. 
Orcein is sparingly soluble in water, from which it is completely 
j)reeipitatc(l on the addition of a neutral salt. Alcohol dissolves it 
freely, forming a scarlet solution. It is sparingly soluble in ether. 
Potash and ammonia dissolve it readily, forming a sph'ndid purple 
colour, which is the basis of the ordinary archil of commerce ; the 
addition of common salt precipitates it from its solutions in the alka- 
lies. With metallic salts its alkaline solutions yield beautiful purjde 
lakes. The addition of acids restores its red tint, hence its value 
in tlui form of litmus as a test for free acids. If a solution of 
orcein be treated with hydrochloric acid and zinc in closed vessels 
it becomes colourless, but it resumes its red colour on exposure to 
the air. 

Beta-Orcin (C1JI10O4?), th« compound obtained by distillation 
of usnic acid (1293), regarded by (lerhardt as a homologue of 
orcin : it is easily soluble in boiling water, alcohol, and ether ; it 
has a slightly sweet taste. When mixed with ammonia it rapidly 
acquires a fine red tint. With caustic potash it yields a fine 
purple, and by chloride oi lime its colour is instantly converted 
into a blood-red. 

(1301) The vegetable colours are not the only ones which 
are used in dyeing ; a beautiful blue is now^ prepared from ferro- 
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cyanide of potassium and the persalts of iron. A yellow is pro- 
duced by chromate of lead, and* an orange upon woollen and silk 
goods by means of concentrated nitric acid. 

A variety of colours are used by the artist as pigments ; most 
of these are obtained from the mineral kingdom : many of these 
mineral colours are wanting in transparency and brilliancy, but 
they are generally very durable;^ The pigments procured from 
the vegetable kingdom are more brilliant but less permanent, and 
in the small nuiriber of cases in which they are obtained from 
the animal creation they generally combine duitibility Avith bril- 
liancy, Several of the j)igments in common use, such as the 
preparations of lead, arsenic, and copper, are poisonous. Many 
of the metallic colours, particularly those which contain lead, are 
injured by exposure to sulphuretted hydrogen, and become black. 
Vegetable colours arc especially prone to fade under the influ- 
ence of atmospheric oxygen, aided by a strong light. 

(1302) Colouring Matter of Plants and of Flowers . — 
Chlorophyll^ as the green colouring matter so generally diffused 
through the vegetable kingdom is termed, appears to be of a 
resinous nature. It is soluble in alcohol and in ether, but in- 
soluble ill Avater. The alcoholic solution is of a beautiful green 
colour, and on evaporation leaves the chlorophyll in an amorphous 
state. If the leaves be treated with ether, the colouring matter 
is dissolved, but it is accompanied by a Avax-like body, Avhich is 
insoluble in cold alcoliol. Chlorophyll is not knoAvn in a state of 
purity. When present in the leaf it undergoes various changes of 
colour, according to the plant in Avhicli it occurs. In autumn, 
before the leaves fall, it generally passes into yclloAV, as may be 
seen in the lime, the ])oplar, the horse chesnut, and the common 
laurel. In other c^isc^ the colour changes to red, of various 
shades, as in the Virgin hi creeper, the Spanish chesnut, and the 
sumach. The chemical changes Avhich occur in these cases have 
not been satisfactorily explained. 

Fremy and Cloez have examined the colouring matters of 
A arious fioAAers, and they consider that these tints may be referred 
to three distinct substances, one of Avhich is of a blue or rose 
colour, while the other two arc yclloAv. The blue or rose colour 
is produced by a compound which has been termed cyanine, the 
blue tint becoming red when exposed jio the action of an acid, 
lied flowers have been observed to possess a juice the reaction of 
Avhich is acid, whilst in blue flowers the juice is neutral. Cyanine 
may be obtained from the petals of the violet, or of the iris. 

FART HI. N N 
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Xanthine is the name given to the yellow matter which is insoluble 
in water : the petals of the suriflo\Vfer contain xanthine in abundance. 
The yf'llow substance wliieh is soluble in water is termed xantheine : 
it becomes lirown by the action of alkalies, and may be obtained 
from the yellow dahlia. None of these bodies, however, has been 
isolated in a pure condition, and there is considerable doubt whether 
the colours of the flowers of diferent plants be due uniformly to 
the same materials. The yellow colouring matters, however, are 
clearly of a nature diffcrciit from that of the blues and reds. Many 
red flowers become blue and green as they wither, but they never 
become yellow. Blue flowers are also sometimes observed to lade 
into red before the colour disappears, but they never become yellow ; 
and on the other hand, a yellow flower as it withers never beeomi's 
blue. 


Dijeing and Calico Printing. 

(130'j) Umt of Mordants . — Of the various colouring matters 
used in dyeing, some, like indigo and safflower, arc capable of being 
permanently attached to the fabric^ and of fully e.ommunicating 
their colour to it without the inbjrveution of any other substance, 
and have hene(‘ been termed substantive colours ; but the greater 
number of the coloiu’ing matters whi(di are cmployc'd in the arts 
arc removable by washing. Such is tlu‘ eas(i when calico, for 
example, is boiled in the madder vat, or when flannel is lu'ated with 
infusion of cochineal. Hence it becomes necessary, in order to 
fix the colour uj)on tin* cloth, to emplov various substances which 
possess a strong tendency to attach themselves to th(^ iibj'cs of the 
texture' and to combine chemically with the dye-sluif ; they thus 
form the connecting link between the two. Bodies employed for 
this ])nrpf>se arc called mordants^ and the colours which require such 
treatment are tcjrmcd adjective colours. Various mordants are in nsc, 
some l)eing better adapti'.d to one dye, some to another. Alumina^ 
in t^ie shape of a mixture of alum and cream of tartar, is exten- 
sively employed for woollen goods and for silks ; for calicoes 
acetate of alumina (1169), diluti’d till the solution has the sp. gr. 
ro8, is much employed, esjw^dally for madder dyeing. It com- 
municates to cloth iiiquegnatcd wdth it a browui tint in the madder 
vat, if concentrated :;iiu a red or pink if more dilute. 

Peroxide of Iron is aiiothcr mordant largely used; it is 
applied in the form of protaeetatc of iron, wdiich is prepared by 
dissolving iron filings or nails to saturation in strong acetic acid, 
and the solution is then diluted till of the sp. gr. 1*05. When 
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this mordant is used it is ajiplicd some time before the clotli is to 
be dyed ; the cloth is then hung up for several days in rooms fitted 
up with open lath floors and lath supports provided with •hooks, 
from which it is suspended in folds ; the air thus lias free access to 
it, and the protoxide of iron, by absorbing oxygen, is converted into 
peroxide, which is precipitated upon the cloth, in a form wliich is 
insoluble, owing to the want of a^ld to neutralize it. In this form, 
without any further addition it gives a buff colour. Oxide of iron 
is als<) largely used as a mordant, both for madder and logwood. 
Peroxide of Tin is another valuable mordant ; it is generally 
mixed with the colour, both being put into the bath at once. 
Oxide of manganese, oxide of chrome, and some other raet.allic 
oxides, arc also applied as mordants for particular purposes. 

(1304) Dueing . — The process of dyeing generally consists in the 
immersion of the mordanted goods in a solution of the colouring 
matter, the temperature of which is gradually raised to ebullition 
by the injection of st(iam, the cloth being winced throngh the 
mixture, by placing it upon a revolving spindle or windlass ; 
each portion of the cloth is* thus altcrnat(dy raised out of and 
rcplungcd into tin; bjith, and a uniform ap])lication of the colour to 
every part is insured. ' In woollen goods the richest colours are 
obtained by dj^eing the yarn ])r(‘\dous to its licing woven, since in 
this form it absorbs the colouring material much more readily than 
after it has boon subjected to the mechanical operation of weaving 
and dressing; but this method of proceeding is more expensive 
than dyeing in the piece. 

The following outline of the process adopted in dyf'ing Turkey 
red, abridged from the account given liy Dr. Idiom sou, will afford 
some idea of the complicated, and apparently trivial circumstances 
requisite to produec a goo<J dye : — 

In order to remove the weaver’s dressing, the cloth is first 
steeped for twenty-four hours at 1 2C®, in a weak alkaline ley, eou- 
taining 4!!). of potash to every loolb. of cloth. It is then boiled 
with a solution of carbonate of soda, after which it is digested in 
ail imperfect soap ley, composed of Gallipoli oil, shecqi’s dung, and 
a mixture of pearlash and carbonate of soda, in quantity much too 
sunill to saponify the whole of the oil. This oiling is repeated 
four or five times, allowing the cloth to become dry in the air 
between each immersion. The goods a^c next subjected to the 
action of a weak alkaline ley, in order to remove the excess of oil, 
and to prepare them for the operation of galling. Every loolb. of 
cloth is then immersed in a bath containing twenty-live gallons of 

N N 
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water, with gib. of luit galls, an(l^i 6 ^ 1 b. of sumach. Having been 
(jailed, the clotli next undergoes the process of mordanting ; for 
this j^urposc a solution of alum, of sp. gr. 1*04, to which an 
C([ui valent of carbonate of soda has been added, is employed, and 
ill this liipior the cloth is steeped for twelve hours, at a tempera- 
ture of 100°. It is then dried and w^aslied. The true process of 
dyeing is next performed in tile madder vat, the proportion of 
madder varying from loolb. to 3001b. for every loolb. of clotli. 
A quantity of (jlialk is added to the vat, and a certain proportion 
of bulloek^s blood is employed to clarify the liquid. The next 
operation is the clearing, or boiling the dyed goods with a weak 
solution of soap and soda, with the view of discharging the browm 
tint. The clotli is afterwards boiled under pressure, with a solution 
of protochloride of tin, in order to brighten the colour, and 
finally it is thoroughly rinsed, and dried by exposure ■ on the 
grass. 

(1305) Call CO Printing , — It is not necessary in 'woven goods 
that the wdiole cloth should receive the mordant : if mixed into a 
paste with llritisli gum, it may be applied to the ealieo in patterns, 
by nuians of suitable ma(duiiery. If cloth thus ])repared after being 
allowed to dry, be passed through the dye-vat, and afterwards 
well washed, tlui niordanttd portions alone will receive the colour. 
This kind of patt(‘rii dyeing is princi|)ally practised wuth cotton 
goods, and constitutes a very extensive branch of industry, under 
the tith‘ of ealieo printing. 

The same mordant with diderent dyes produces different tints. 
Cloth niordanh'd with alum in a madder hiith gives a red; but if 
immersed in a bath containing logw^ood, it is dyed black. 

Dillrn'iit mordants produce different tints from the same 
colouring nuiit rial ; lor example, a piege of calico mordanted w’ith 
iron in amnuhler bath, gives a fine purple; but if it be mordanted 
with alum, it yields a pink or red colour ; and a mixed mordant, 
consisting of iron and alum, in suitable proportions, gives a cho- 
colate. If the colouring material employed in the bath consist of 
quercitron, cloth mordanted with alum will be dyed yellow ; if 
mordanted with acetate of iron, it will acquire a dark drab, and 
a mixed mordant of alum and ut iron wnll produce an olive. 

The effects producible are susceptible of almost infinite varia- 
tion, according to the inethod adopted. The cloth, for example, 
may be entirely dyed first, and the colour may afterwards be 
discharged in patterns. Thus, if a pattern be printed upon the dyed 
cloth with tartaric acid thickened with gum, and dried, on passing 
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it tliroiigli a ^,varm solution of chloride of lime the chlorine will 
be disengaged upon the spots to* which the acid was applied, and 
the colour will be removed at these parts of the cloth only. If 
the pattern discharged be required to be dyed again, the acid may 
be mixed Muth some suitable mordant — suppose it be acetate of 
lead; and after washing out the solution of the chloride of lime, the 
cloth may be passed through anotlier liquid, such as bichromate of 
potash; in this case a yellow jiattern, due to the formation of chromate 
of lead, would be produced. In some eases it is found to be more 
convenient to mordant the whole cloth in the first instance, and 
afterwards to diseliarge the mordant in patterns. Tims a piece of 
calico which has liecn mordanted by means of a mixture of alum 
and iron mordants may be discharged in patterns : by putting 
citric acid upon it, the mordant will be discharged upon those spots 
only ; if it be then well washed and immersed in a logwood bath, it 
wdll come out dyed of a brown colour in every part except the places 
to which the citric acid was applied. 

Occasionally with substantive colours, such as indigo, what are 
called re,slst-j)asies are used :.if, for instance, patterns be printed 
upon the cloth, with nitrate of copper properly thickened, and 
the goods thus prej)arcd be passed through the indigo vat, the 
nitrate of coj)per will act by oxidizing the indigo in tlu^ parts to 
which the salt is apjdied, and the dye-stuff will not soak into the 
cloth in its reduced form at those ])()ints : hence, the colouring 
matter may be readily washed away from the spots to which the 
resist-paste was apjdied, whilst it remains fixed firmly everywhere 
else. 

A peculiar modification of the mode of fixing the colours 
has received the name of steam coloiir-jjr'tnt'uig. For steam 
colours peroxide of tin is generally employed as the mordant. 
The pcrchloride of tin Is decomposed by an excess of potash, 
which dissolves the precipitated oxide, and into this solution, 
when properly diluted, the (;^oth is dipped, and allowed to dry. 
After this it is immersed in very dilute sulphuric acid, to neu- 
tralize the potash, whilst the peroxide of tin remains attaclied to 
the fibre : the colours, properly thickened, are then printed on in 
patterns, and the whole exposed to the action of steam. At this 
temperature the colour combines completely with the mordant, 
producing a brilliant effect. 
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CHAPTER IX. 

Pjioducts op Destiiucttve Distillation. 

('1306) {(t) Products of the Distillation of Wood and of Resins . — 
The substances wliicli arc formed during the destructive distilla- 
tion of wood in close vessels are very numerous. Tlicy vary with 
tlie nature of the wood operated on, and the temperature at which 
the distillation is efleeted. The volatile portion of the products 
includes substances which arc gaseous, as well as those which are 
liquid or solid, whilst a considerable residue is left in the form of 
charcoal in the retort. Amongst the gaseous products of the dis- 
tilhatiou the most abundant arc carbonic acid, carbonic oxide, olefiant 
gas, and marsh gas. Of the liquid products one portion is soluble 
in watc'r; the otlu'r portion is insoluble, and is of an oily consistence. 
The soluble portion consists of acetic acid, wood spirit, acetate of 
methyl, and aec^tone, accompanied by water, and by other bodies but 
imperfectly known. The insoluble jHirtion, which constitutes vjood 
tar, is comjKised of a mixture of various liquids holding solid matters 
in solution, or in suspension : its most inqKU’tant constituents are 
several forms of hydiocarbon, such as tohiole, xylole, eymole, and 
other bodie s, such as cupion, w hich have been less perfectly examined, 
besides a number of oxidized comjiounds, including kreasote, pica- 
mar, and kapnomor. Amongst the solid portions arc resinous 
matters more or h^ss resembling colophony, and a waxy body, which 
has been ternu'd paralhn; there are also many other bodies such 
as naplithalin, eedriret, pittacal, pyrene, chrysene, and pyroxanthin. 

Stockholm Tar, so largely used in ship-building, is the product 
of a rude kind of distillation of the resinous wood of the pine. A 
conical cavity is formed in the side of a hillock, the apex of the 
cone being below, and terminating in an aperture that opens into a 
trough leading to a reservoir for the tar. The kiln is filled with 
wood, and covered ovev incompletely with turf; the pile is lighted 
at the top, and the eond)ustion regulated by covering it in more 
or less completely ; the wood is thus charred from above down- 
wards, and the tar flows oft' at tlie bottom, charged with a con- 
siderable quantity of resin, ami mixed with acetic acid and oil of 
turpentine. When heated, an impure essence of turpentine is dis- 
tilled, leaving a black resinous substance, which constitutes ordi- 
nary The specific gravity of the ordinary tar of commerce 

is about ro/^o. 
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^ lu preparing pyroligneous acid^ wood which contains hut 
little resin is used, and the condensation is more complete. The 
tar is of a different kind, and contains a variety of produets,^which 
have been already enumerated. 

(1307) Paraffin (<rCll), Sp.gr, 0*870. — Amongst the solid con- 
stituents of tar is a crystalline substance, which comes over during 
the last stages of the distillation. ,Jt fuses at 1 10°, and at a higher 
heat may be distilled unchanged. It is insoluble in water, but is 
taken up freely by ctlier, and less abundantly by alcohol. It 
burns with a bright flame; candles made of it* burn like those 
made of the finest wax. The strongest acids and alkalies, and 
even chlorine, unless at a high temperature, arc without effect 
upon it ; hence it has received the name of paraffin (from parum 
affinls). The bodies termed cerene and mdenCy which Brodic ob- 
tained during the distillation of wax (1135), are very similar to this 
substance, and contain carbon and hydrogen in (iqual atomic pro})or- 
tions. It is probable that many substances termed paratlin consist 
of a mixture of several polymeric hydrocarbons, which form tlic 
higher terms of the series to.which olefiant gas belongs. Baraftiu 
is an abundant constituent of llangoon petroleum, and is obtained in 
considerable quantity from the products of the distillation of peat. 

Paraffin Oil . — Amongst the products of the distillation of the 
biturniniferous substance, known as Boghead Cannel [note, p. 98), 
is a large (piantity of an oily matter, the proportion of‘ whidi is 
greater, the lower the temperature at which the distillation is 
etfccted. This oil is almost entirely free from oxygen. When rec- 
tified, a volatile portion may be separated from it, which, acieording 
to G. Williams, contains several of the radicles of the alcohols, 
including tctryl and amyl. The compounds which come ov(;r at 
a higher temperature ap[)ear to belong to the hydrocarbons of the 
form of For practical purposes they may be separated 

into three portions, one of which remains liquid at very low' tem- 
peratures. The second portipn, which is distilled at a higher tem- 
perature, deposits crystals of a solid hydrocarbon (one of the forms 
of paraffin), when exposed to a great reduction of temperature, and 
the last portions of the distillate are semi-solid at ordinary tem- 
peratures. It is obvious, therefore, that the products of the distil- 
lation of this mineral contain a mixture of several substances, the 
less volatile of wdiich arc found by ;*nalysis to be polymeric 
varieties of hydrocarbons of the same class as paraffin. The less 
volatile liquid portion of the oil is extensively used under the 
name of paraffin oil, for the purpose of lubricating machinery, to 
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'vslii(*li use it is admirably adapted, since it docs not becomg 
oxidized or thickened hy exposurb to the air, and it evaporates 
but slowly. 

(1308) Pyrene and Chrysene, — In the later stages of the dis- 
tillation of fatty and of resinous bodies, and in that of coal tar, a 
yellow powder is sublimed, which contains tw’o substances, termed 
by Laurent pyrene and chrysene. Pyrene (C30II12) is soluble in 
hot etli(‘r, and may be separated from chrysene by means of 
this solvent, which at a low temperature deposits it in micro- 
scopic rhomboidal plates. It is insoluble in water, and is 
destitute of odour ; it fuses at about 3,50“, and may be distilled 
unaltered. Chrysene ? is a crystalline substance of a 

beautiful yellow colour. It is inodorous^ insoluble in water and 
aleobo!, and only slightly soluble in ether : boiling oil of turpen- 
tine dissolves it more readily than ether. It fuses at about 450°, 
and is partially decomposed when distdlc'd. 

(1309) Pyroxanthin {Co^TloOi? Gregory). — This substance was 
discovered by Scaulan amongst the products of the action of 
potash upon crude wood-spirit. When crude wood-spirit is re(‘ti- 
fied with lime a dark brown residues remains in the retort, which 
when treated wdth hydroehlorie acid leaves a brown insoluble 
matter, consisting of i)yroxanthin and a resinous substance. If 
this residue bo boiled in alcohol it is in great measure dissolved, 
and crystals of jiyroxantbin arc deposited as the liquid cools. It 
crystallizes in long yellow needles, which are insoluble in water 
and in alkaline solutions, but soluble in hot alcohol, ether, and 
acetic acid. It fuses at 291°, and may be sublimed in a current 
of air at 273'. If it be* sublime(l in a closed tube it undergoes 
partial decomposition. It is soluble in sulphuric acid wdth a deep 
bluish r(‘d colour, and in hydrochloric acid with a fine purple, 
which soon passes into dark brown. Pyroxanthin appears to be 
the residt of the action of potash upon one of the tar oils, which 
Voclckcl has hem*e termed pyroxanthmgen, 

(1310) liupion, — When the tar of liard wwds is submitted 
to distillation, an acid licpiid comes over, upon the surface of 
wdiich a light yellowdsli oil floats; and on continuing^ the distilla- 
tion a volatile oil, which is hen-vicr than water, passes over. The 
most volatile portion of the lighter oil -consists principally of a 
hydrocarbon, to which Pcichenbach gave the name of eupion 
(Cr,IIg), sp, gr, 0*655. It boils at 116°. Frankland considers 
eupion to consist principally of hydride of amyl. 

The less volatile portions of the lighter oil contain wood spirit. 
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acetone, and the hydrocarbons benzole, toluole, and xvlole ; those 
hydrocarbons may be removed* by agitation with sulphuric acid, 
with which they form colligated acids. The heavier oil, which 
is of a yellow colour, also contains small quantities of the foi’c- 
going compounds : it is partially soluble in potash, and amongst 
the constituents of the portion wliich thus coinbines with the 
alkali, are kreasote and knpnomchf, 

(131J) Kreasote (CXtlljtjOi? Gornp llesancz ; or = 

HO, CifjHfjO ?) Sp. gr. 1*057 (from KpLac: flesh, atotto to preserve). 
— Considerable doubt exists as to the exact composition of this 
interesting substance. Mucdi of the kreasote of commerce is 
simply carbolic (pbenic) acid ; but the true kreasote of Rcdchen- 
bach is quite a distinct body. It is to this latter substance 
that Avood-smokc owes its characteristic odour and antiseptic 
qualities. 

Preparation, — The process of purifying kreasote is tedious 
and troublesome. The heavier portions of the oil obtained from 
w’ood tar, after being w^ashed with a solution of carbonate of soda,, 
are submitted to distillation, by wdiich they are further s(‘parat(Ml 
into a portion lighter than water, and into another which sinks 
in this liquid. This heavier oil is then treated with a solution of 
potash of s]). gr. t*i2. By this means the kreasote is dissolved, 
and the greater part of the hydrocarbons which accomjianicd it 
are separated. The alkaline solution, after being decanted from 
the hydrocarbons, is boiled gently in an open basin, with a view 
to oxidize a portion of the impurities. When cold, dilute sul- 
phuric acid in slight excess is added to the licpiid, by which means 
the kreasote is set at lilierty. It is, howevtu', far from being pure, 
and must be redistilled with water, again treated wdth concentrated 
solution of potash, them with dilute sulphuric acid, and then 
redistilled with water. This series of operations is to be repeated 
so long as any separation of hydrocarbons is effected Lastly, 
the kreasote must be digested upon cldoride of calcium, and dis- 
tilled by itself. It may be regarded as pure if its boiling point be 
constant at 398°, and if it does not become brown wdien kept.* 

Properties, — Kreasote, when pure, is a colourless oily liquid of 
high refractive power; it boils at 398° (Rcichenbach). It is not 
easily inflamed, but when kindled it burns with a smoky flame. 

* By long boiling with potash the kreasote appears to undergo oxidation, 
a portion of its hydrogen being removed, whilst the quantity of oxygen is 
increased (Gorup Besanez). 



554 


KllEASOTE. 


Tts taste is burning, and its odour extremely pungent and pecu- 
liar ; if swallowed in doses of moVe than a few drops it acts as 
a poisoq. Kreasote is sparingly soluble in water, to which it 
communicates its peculiar odour and pungent taste. It is soluble 
freely in acetic acid, alcohol, and ether, as well as in benzole and 
bisulphide of carbon. It combines with potash, and forms a crys- 
talline compound with it ; solution of ammonia also dissolves it. 
Kreasote produces the immediate coagulation of albumen. It is 
the most powerful antiseptic known. Meat that has been plunged 
into a solution cohtaining i per cent, of kreasote gradually be- 
comes dry and hard on exposure to the air, and acquires the flavour 
of smoked meat, but does not become putrid. A considerable 
portion of kreasote is held in solution in the crude pyroligneous 
acid obtained during the destructive distillation of wood ; and on 
saturating this acid at 167° with sulphate of soda, an oily matter 
which contains a large i)roportion of kreasote, is separated. Crude 
pyroligneous acid, on account of the kreasote which it contains, 
is frequently employed for preserving hams and salted provisions, 
to which it communicates the same flavour as if they had been 
exposed to wood smoke. 

Kreasote when largely diluted is sometimes given internally in 
order to check obstinate vomiting. If applied in a concentrated 
form to the exposed pulp of a carious tooth, it frequently afibrds 
instant relief in cases of acute toothache. It is also a valuable 
application, in a very diluted form, in some cases of foetid ulcers, 
and in many cutaneous afiections. If applied to the skin in a con- 
centrated state it produces a white spot, the skin becomes dis- 
organized, and peels ofl* without any attendant inflammation. 
Kreasote dissolves many organic bodies, such as camphor, the 
fatty and volatile oils, and many of the resins. 

It is not improbable that kreasote may be a homologue of 
phenic acid, and that its true formula may be Plienic 

acid, when decom])Osed by a mixture «f chlorate of potash and 
hydrochloric acid, yields perchlorokinone or chloranile (1127). 
Kreasote, when treated in a similar manner, furnishes a resinous 
mass, which after digestion with cold alcohol, leaves a com- 
pound resembling chloranile in appearance and properties 
(C^eH^Cl^Og? Gorup Besaiiez). This new body crystallizes in 
brilliant, golden yellow plates ; it is insoluble in water, sparilagly 
soluble in cold alcohol, and freely soluble in ether ; it may be sub- 
limed at about 360°. Gerhardt has shown that the more probable 
formula Cigll^Cl^O.^ corresponds equally well with the results of its 
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analysis, and in that case the compound would be homologous v^ith 
chloranile, and would contain % (021^2) niore than the latter body. 

(1312) Kapnomor (CaoHnOg? Voelckel; from Kamoc smoke 
and polpa a part) j Sp, gr, 0*995. — This is a colourless oil of pecu- 
liar odour, which boils at about 360^. It is insoluble in water and 
in a solution of potash, but it is partially soluble in an alkaline 
solution of kreasote. It is soluble in sulphuric acid with a pur- 
plish red colour, and forms with it a colligated acid. Nitric acid 
converts it into oxalic and carbazotic acids, and another crystallized 
body which has not been examined. Kapnomor is obtained by dis- 
tilling the crude solution of kreasote in potash with water : it 
glasses over with the vapour of water. 

Ileichenbach has described various other compouTids from tar, 
under the names of pittacaly a solid comi)ound of a dec]^ blue 
colour ; oi plcamary an oily body of sp. gr. i*io, which has a very 
bitter taste, and forms a crystalline compound with potash ; and of 
cedrirety which crystallizes in orange-red needles from a solution 
of persulphate of iron, and is dissolved with a blue colour in oil of 
vitriol ; the properties of oil these bodies have, how'cver, been but 
incompletely examined. 

(i) Products of the Distillation of Pit- coal, 

(1313) The products -of the distillation of pit- coal are still 
more numerous than those of w ood ; and they arc invested 
with a special interest, ow ing to their intimate connexion with the 
manufacture of coal gas. 

When a bituminous coal is burned in the open air, the prin- 
cipal products of the combustion are carlxmic acid and water, 
with small quantities of ammonia and sulphurous acid, derived 
from the azotised constituents, and the pyrites contained in the 
coal ; a certain portion^of carbon in a finely-divided form escapes 
combustion, and constitutes the soot or visible smoke of a coal 
fire. When the decomposition of the coal is efiected in vessels 
from which air is excluded, the products arc much more nume- 
rous and complicated. A large amount of volatile matter is 
expelled, partly in the form of uncondensable gases, and partly in 
the form of vapours, which, w^hen reduced to the ordinary tem- 
perature of the air, constitute liquids or solids, whilst a large pro- 
portion of the combustible material rejmains behind in the retort, 
and forms a light porous variety of coke, known as gas coke. 

Amongst the gaseous products the most important are marsh 
gas, olefiant gas, hydrogen, carbonic oxide, carbonic acid, sulphu- 
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retted hydrogen^ and ammonia. The liquid portions contain water, 
and various forms of hydrocarbon, iSneh as benzole, toluole, and 
cumole, which constitute the chief ingredients of the liquid termed 
coal naphtha ; besides which there is a large quantity of a dark 
viscous matter, known as coal tar, the nature of which will be 
more particularly considered hereafter (1315). 

When coal gas is to be employed for the purpose of illumi- 
nating tlic interior of a dwelling- house, it is not sufficient to condense 
the tar, the water and other liquid products, but it becomes neces- 
sary to remove a number of gaseous compounds before it can be 
burned witli comfort, or even with safety to the health of the 
inmates. The impurities of which it is of most importance to deprive 
it are sulpliurettcd hydrogen and ammonia ; in addition to which 
carbonic acid and a small quantity of cyanogen are always removed 
during the purification. This purification is effected by sub- 
mitting the gas to the action of certain chemical agents, such as 
lime, hydrated oxide of iron, and dilute sulphuric acid. 

The illuminating po'sver of coal gas is due chiefly to light car- 
buretted hydrogen, olefiant gas, and tp a small quantity of the 
vapour of naphtha and other volatile liquefiable compounds of 
carbon and hydrogen. The hydrogen and carbonic oxide are not 
only destitute themselves of any illuminating power, but they 
reduce the light of the gas with wdiich -they are mixed : there is 
however no means of getting rid of these useless gases ; care 
should therefore be taken to produce as small an amount of them 
as possible during the process of carbonization. 

. (1314) Mafivfacture and Purification of Coal Gas , — ^The 
earliest attempts at illumination by means of coal gas were made 
by Mr. Murdoch, during his residence in Cornwall, about the year 
1792, juul he subsequently further carried out his plan, so as to 
illuminate a large portion of the manufactory of Boulton and 
AVatt at Soho, at tlie celebration of the peace of Amiens in 180^. 
Ten years afterwards the Chartered Gas Company, which made the 
first great experiment of lighting the streets by gas, was incor- 
porated ; and from that day to the present the employment of gas 
as a convenient and economical means of illumination has been 
steadily increasing. At the present time every large manufac- 
turing town, and many of the smaller towns, in Great Britain are 
lighted by gas, and the use pf gas is general in the principal cities 
of the Continent. 

The proportion in which the different products of the distil- 
lation of coal are obtained, varies greatly according to the kind 
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of coal employed, and 
the temperature at which 
the distillation is con- 
ducted. The coal best 
suited to the manufacture 
of gas for illuminating 
purposes is of the variety 
known as bituminous 
(951). Anthracite is unfit 
for this use. The kind 
of coal employed in Lon- 
don for gas making is 
principally that of the 
Durham coal field, or 
Newcastle coal. A ton 
of good coal of this de- 
scription yields on an 
average in London about 
9250 cubic feet of gas 
of sp. gr. of 0-410, and 
furnishes nearly a chal- 
dron of coke weighing 
about 13 cwt. In coking, 
from 20 to 35 per cent, 
of fuel in proportion to 
the coal used (according 
to the judgment used in 
constructing the furnace) 
is employed. The Scotch 
coals furnish a gas of 
much higher illuminating, 
power than that of the 
Newcastle coal, and of 
greater specific gravity, 
owing to the presence 
of a larger proportion 
of the vapours of the 
volatile hydroearbons, 
though the quantity is a 
little jailer, and the 
coke produced is of an 
inferior quality. 


Fig. 337. 
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Pig. 337 gives a general view of the arrangement of the 
apparatus required in the manufacture and purification of coal 
gas, an^l the following is an outline of the process adopted : — 

Pit coal is heated in hollow flattened cylinders of iron 
or clay b b, set in stacks of three or five, arranged in long 
brick furnaces, a a. The mouths, c c, of these cylinders or 
retorts project from the brickwork, and are fitted with moveable 
lids, which can be closed air-tight by means of clay luting. Prom 
the upper side of the x^rojecting extremity of each retort, a tube, d, 
for the conveyanefo of the gas, passes vertically upwards for a few 
feet, then forming an arch, dips downwards, terminating at c, 
licncath the level of the liquid contained in a long and wide pipe, 
/, called the hydraulic mairiy which passes horizontally along the 
front of the range of furnaces. This pipe is kept constantly half 
full of tar and condensed moisture. By this means the opening 
into each retort is effectually closed by a water valve, which 
jjermits a charge to be drawn and renewed in any one or more 
retorts, without interfering with the operation of those which are 
still in action. The tar, as it accumulates in the hydraulic main, 
flows over into the tar wells, ii, i. In about four hours after 
charging tlie retort, the coal will have given off nearly all its gas, 
and a fresh charge of coal will be required ; but it is not an unusual 
jiractice to charge the retorts only at intervals of six hours, since 
the gas, though poorer in quality, is increased in quantity, and the 
coke is improved by longer heating. When a charge is to be drawn, 
the mouth of the retort is opened, and the coke raked into large 
iron boxes, in which it is extinguished by pouring water over it. 
A fresh sup^fly of coal is then introduced by means of a long 
scoop, so that the whole of the required quantity of coal is placed 
at omte upon the floor of the retort, which is at a bright red 
heat. The door, which has been x)reparcd with fresh luting u^^on its 
edges, is instantly replaced, and the distillation proceeded with. In 
large gas works the retorts are so arranged that a fresh set shall 
require charging every hour, in order that the gas which is produced 
shall at all times be nearly uniform in quality.* 

Having deposited in the hydraulic main most of the tar and 
some water, containing in solution a good deal of ammonia and 
hydrosulphate of ammonia, the gas passes next through the pipe, g, 

, — 

* The gas first given off is the best, and also the largest in quantity, the 
coal not having had time to rise to the full temperature of the retort. If the 
charge be exposed to heat for five hours, inuch of the gas in the last hour 
and a lialf consists of hydrogen and carbonic oxide, the coal having become 
thoroughly red hot throughout. The following details will illustrate these 
points. Iwo bushels of cannel coal, or the usual charge of a moderately- 
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to the refrigerators or cond€7isers, jj, a series of serpentine or con- 
torted tubes, ■which are kept cool by the extent of surface which 
they expose to the air, and the temperature of which, when neces- 
sary, may be reduced still further, by allowing cold water ffom the 
cistern, k, to flow over their exterior : here most of the remaining tar 
and aqueous vapour become separated. From the condenser the gas 
passes to the lirne purifiers, l if, which consist of cast-iron vessels 
containing a number of horizontaT perforated shelves, m m, arranged 
one above another \ upon these shelves dry slaked lime is placed, 
to the depth of about five inches. The gas entqrs at the bottom 
of the purifiers, and rises on one side through each layer of lime 
in succession,* descending on the other side of the purifier till it 
makes its exit at n. In these purifiers the gas loses carbonic 
acid, sulphuretted hydrogen, sulpho-cyanogen, cyanogen, and traces 
of naphthalin which are still suspended in it ; finally it is caused 
to pass in bubbles through dilute sulphuric acid, with the view of 
removing the last portions of ammonia ; but this part of the appa- 
ratus is not represented in the figure. 

In many works the process of washing with acid is superseded 
by the use of an apparatus termed a scrubber, consisting of a tower, 
the interior of which is filled, with small coke resting \ipon per- 
forated shelves ; through this mass of porous material a constant 
supply of fresh water is maintained, and by this arrangement the 
gas, which enters at the bottom of the tower, is exposed to a large 
absorbent surface, and the ammonia is eftectually removed. This 
washing, however, somewhat diminishes the illuminating power of 
the gas, by removing a portion of the vapour of some of the more 
condensable hydrocarbons which are held in suspension. 

A mixture of hydrated oxide of iron and moistened saw-dust 
is now extensively substituted for slaked lime in the purifier ( 636 ) ; 


sized retort, were carbonized at a full cherry -red heat, and the quantity of 
gas produced was as follows : — 

Cubic Feet. Sp. Gr. 


In the first hour 

2nd 

S’*'! 

4th 

5th 


345 0677 

203 0*419 

1 18 0*400 

54 0*322 

20 


Tlie gas amounted in all to' 740 cubic feet ; but it will be observed that 
the quantity of gas per hour, as well as the specific gravity, continued to 
diminish as the experiment proceeded. ^his was due to the diminution in 
quantity of the vapour of the heavy hydrocarbons, and the increase in the 
amount of free hydrogen. 


* Sometimes the lime is made into a thin cream by admixture with water, 
and the gas is caused to stream in bubbles through the mixture, but generally 
the lime is employed in the form of a slightly damp powder. 
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various other substances are also occasionally employed with 
a view of efTcctually arresting the^ sulphuretted and ammoniacal 
impurities. The gas^ after it has been thus purified, is stored up 
for use' in ifnincnsc reservoirs or gasometers of metal, P, each con- 
sisting of a large ])ell of sheet iron, inverted in a brickwork tank, 
filled with water, in which the bell rises and falls. The bell is 
nearly couuteri)oiscd by weights attached to chains, which pass 
over pulleys suitably supported!’ The pressure, which is not 
usually allow'cd to exceed that of a column of water two or three 
inches in height, drives the gas along the pipes or mainy o o, by 
which it is distributed to the various consumers. 

In the foregoing process one of the points of greatest import- 
ance is the due regulation of the temperature during the distilla- 
tion. The retorts should be heated to a bright cherry -red. If 
they be iiisutficicntly heated, the products contain a large quan- 
tity of the vapours of condensable hydrocarbons, which collect in 
the gasometers and the distributing pipes, and occasion much 
loss and inconvenience : whilst if the temperature be too high, or 
if the gas after its production be allowed to remain long in con- 
tact with the highly heated surface of the retort, it undergoes 
partial decomposition ; a portion of -its carbon is deposited and 
forms a dense layer upon the interior of the retort, wdiich it gra- 
dually chokes u^j, and at the same time the illuminating power of 
the gas is proportionately diminished by the loss of this carbon. 

In addition to this inconvenience, bisulphide of carbon is apt 
to be formed in small quantity if the distillation be conducted at 
too high a temperature, and no means are as yet known by which 
this body can be removed. When gas which contains this im- 
purity is burned^ it gives rise to the production of a minute 
quantity of sulphuric acid, which gradually accumulates on the 
furniture of (he building, on the bindings. of books, &c., and slowly 
corrodes and otherwise injures them, 

(^3^5) Coinpoundif of Coal-tar. — Coal-tar varies in density from 
1*120 to 1*150 J the lightest tar containing the largest proportion of 
liquid oils. Of the substances contained in coal-tar some are basic, 
and some acid, but the principal portion consists of neutral or in- 
different bodies. 

The bases include ammonia, aniline, picoline, quinoline, and 
pyridine. (1064 et seq.) Among the acids, the acetic k present in 
small amount, but the mosf important is pheuic acid, the carbolic 
acid of llunge. This chemist also mentions two other acids, 
termed rosolic and brunolic acids, w^hich have not been minutely 
examined. 
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The neutral substances contain several hydrocarbons, includ- 
ing benzole, toluol e, ciimole, ^nd cymole, which are among the 
liquid constituents; whilst naphthalin, paranaphthaliii, chrysene, 
and pyrene are among those which are solid at ordinary tem- 
peratures. 

The distillation of coal-tar is conducted on an extensive scale, 
as a separate branch of trade.^ The operation is performed in 
large iron retorts upon quantities of several hundred gallons at a 
time. The first portions that are volatilized consist chiefly of 
ammonia accompanied by some permanent gases^ which have been 
dissolved by the liquid hydrocarbons. As the temperature rises, 
water charged with various ammoniacal Salts comes over, and a 
foetid brown oil gradually collects upon the surface of the water in 
the receiver^f As the distillation proceeds, water ceases to come 
over, and the quantity of this oil increases, its density continuing 
to augment until its specific gravity exceeds that of water. The 
light oil amounts generally to from 5 to lo per cent, of the tar. 
This lighter oil when rectified constitutes coal naphtha. By con- 
tinuing the distillation a yellow heavy foetid oil, technically known as 
dead oil, is obtained, the amount of which seldom exceeds 30 per. cent, 
of the quantity of tar employed. In the latter stages of the opera- 
tion, naphthalin is abundant in the distillate, and the oil becomes 
semi-solid as it cools. The black residue in the retort solidifies on 
cooling, and forms pitch, which is employed in the preparation of 
asphalt, and as a colouring ingredient in the production of a 
coarse black varnish, used for protecting iron-work from rust. 
If it be desired to carry the distillation further, a much higher 
temperature is required, when the pitch in its turn undergoes de- 
composition, and yields a product which, when cool, has the con- 
sistence of butter ; it consists chiefly of paranaphthalin. At a 
still more advanced stage of the process, the distillate acquires a 
yellow colour, and assumes the appearance of a resin, and as the 
temperature of the retort approaches a red heat the vapours produced 
become condensed in the form of a bright orange-coloured powder 
which is free from odour, and when pressed, agglutinates into a 
yiscous mass. This substance consists chiefly of the chrysene and 
*pyreiie of Laurent. The residue in the retort after it has ceased 
to give off volatile matters, forms a bard porous coke which is 
difficult of combustion. ^ 

The heavy coal oil is seldom submitted^to further purification. 
It contains phenic (carbolic) acid, aniline, quinoline, and a variety 
of other bodies, consisting chiefly of hydrocarbons, which boil 

FART 111. ^ ^ 
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between 390® and 570°^ and which hold a considerable quantity of 
paranaphthalin in solution. Heq.vy coal naphtha or dead oil is 
remarkable for its antiseptic qualities, and is employed for the 
preservation of timber for railway sleepers, &c. It is also con- 
sumed as a fuel in common lamps, but it is chiefly used for 
burning into lampblack. 

The liglit naphtha obtained in the foregoing process is sub- 
mitted to rcctilication, by which it is separated into a more volatile 
portion, and an additional quantity of the heavy oil. It is usual 
to agitate the rectified portion with oil of vitriol, which thus acquires 
a deep red c'olour, and removes a large portion of the products 
which communicate to Hhe crude distillate its offensive odour. 
The mixture on standing separates into two layers, the lighter of 
which is the purified naphtha. When this liquid is again sub- 
mitted to distillation, the oil which comes over is free from naph- 
thalin, and doc's not become coloured by exposure to the air. 
Coal naphtha thus purified and sold as highly rectified,^^ varies 
in specific gravity from about o’86o to 0*900. It consists of a 
mixture of oils, which boil below 392°, and may be separated 
from ^each other by distillation. 

Mansfield (Q. J. Chew, Soc, i. 252) has made a careful exa- 
mination of the constituents of this naphtha. In his experiments 
he cmj)loyed the crude light oil, before it had been treated with 
oil of vitriol, and, having freed it from basic and acid bodies by 
agitating it successively with dilute sulphuric acid and a weak 
solution of potash, he submitted it to a systematic process of frac- 
tionated distillation. He thus found that at least five distinct 
liquids may be separated from light coal najjhtha. These liquids 
are : — 1 . An oil, of a peculiar alliaceous odour, the boiling point 
of which lies between 140° and 158'^ F. ; this oil is present in 
small quantity, and has not been perfectly examined ; it probably 
contains a mixture of alcohol radicles. 2. An oil which boils at 
176®, consisting of benzole, C12H6. 3. An oil which boils at about 

consists mainly of toluole, Cj^Hg. 4. An oil which boils 
between 288° and 293°, presenting the cliaracters of cumole, C18H12. 
And 5. An oil which possesses the odour and other properties of 
cymole, C20H14, boiling at from 338'’ to 342°. The oil No. 5 is 
more abundant in those por tions of coal naphtha which are heavier 
than w^ater. 

(1316) Homologous^ Hydrocarbons from Coal Tar, — Benzol^ 
toluole, cumole, and cymole, belong to the same homologous 
series. Xylole, the hydrocarbon intermediate between toluole and 
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cumole, was found by Cahours among the products of the distil- 
lation of wood. 

It would be easy^ in connexion with these hydrocarbons, to 
form a table, of which the following is a fragment, constructed on 
the same principle as that given at pp. 3:^ and 33. The com- 
pounds of the various series of wliich it consists, with the excep- 
tion of the derivatives of benzole^ have been, however, only incom- 
pletely examined ; — 


Homologous Derivatives of Coal-tar Hydrocarbons, 


Hydride. 

Chloride. 

Nitro-oottipound 

Di nitro-comp* d . 

Aniide-baHC. 

Aeid. 

n. 


no, 

( 

6 ^ (NO,) 



Benzole. 

Chlorohenzole! Nitro-benzolo. 

Diiiilr< >1 )enzolp. 

Aniline. 

Phenit* .leid. 

c,.u„ ii 


^ NO, 

d,.n.(No.); 

'C„H„ H^N 

UO,C.,H., 0 

Toliiole. 

Chlorololuolo ! Nitro-tolnole. 

Dinit-rololuole. 

Tolnidine. 

Kresyliu Acid. 


' c,.H„cr 

o,.n„ NO.' 

^ 

C..U.(NO.); 

C„H„ H,N 

no,o,.H„d 

Xylole. 

CAH 


Nitro -xylole. 


XOidine. 

11^ 

Kreasote (?) 

iio,c.„ir.rd 

Ciuiiole. 


Nitro-cuniole. 

1 Dinitrocuniole. 

Cumidine, 


^isTIiP 


NO, 

t),)* 



Cyniole. 


Nitro-cymole. 


Cymidine. 


vCTn 


NO, 


c,,h,3,h,'n 



The hydrocarbons enumerated in the first column of the fore- 
going table, are supposj^d to be hydrides of particular radicles. 
These supposed radicles, viz., phenyl (C]2ll5)2^ toluyl (014117)2, 
xylyl (Ci6H9)2, cuminyl (Cmriii)^, and cyminyl (C2()lli3)2» l^^^e not 
hitherto been isolated. Their oxides, which would correspond 
to the ordinary ethers, are also unknown ; compounds, however, 
have been formed, which appear to contain oxide of phenyl in 
combination with acids ; such, for example, as the following : — 


Benzoate of phenyl 
Acetate of phenyl . 
Phosphate of phenyl 
' Cummate of phenyl 


C, H3 O3? 

? • 


Laurent and G-erhardt. 

/ Williamson and 
( Scrugham. 


Benzole is a compound of considerable interest and importance! 

00^ 
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It belongs to a group known ‘as the phenic scries. We shall, 
therefore, describe its properties, apd that of some of its deriva- 
tives, including carbolic acid, and shall afterwards proceed to 
notice briefly some of the other hydrocarbons, among which, 
naphthalin is the most remarkable. 

I. Benzole, — 'Phenic Series. 

(1317) Benzole; Benzine ot Phene (CjaHe) ; Sp, gr. of liquid 
0*85 at 60°; of vapour 277. — This is a very limpid, colourless 
liquid, of a peculiar and rather agreeable odour. If exposed te a 
cold of 32°, it solidifies in transparent crystals, grouped like fern 
leaves, or into masses resembling camphor, which melt at 40®. 
It boils at 177°, and emits a highly infiammable vapour, which 
burns with a white smoky flame, depositing large quantities of 
carbon. If its vapour be transmitted through red-hot tubes it is 
decomposed, and a large quantity of carbon is deposited. It is not 
soluble in water, but is freely soluble in alcohol, etlier, oil of tur- 
pentine, wood spirit, and acetone. When hot it dissolves sulphur, 
phosphorus, and iodine, and deposits the greater portion on cooling. 
It is also an excellent solvent for caoutchouc and gutta pcrcha, 
and on evaporation it leaves them with their peculiar physical cha- 
racters unaltered. Benzoic also dissolves wax, camphor, and fatty 
bodies with facility. Its solvent power for fats and oils enables it 
to be used with advantage for removing grease stains from articles 
of silk or woollen. Benzole docs not dissolve copal or resins with 
facility, but if these bodies be exposed to its vapour at a high tem- 
perature they are gradually dissolved by it. 

Benzole was originally obtained by Faraday from the liquid 
produced by the compression of oil gas, and was termed bicar - 
buret of hydrogen. Subsequently the liquid procured by Mit- 
schcrlich from the distillation of benzoic acid with an excess of 
lime, by him termed benzine^ was found to yield the same body, 
-f aCaO = 2 (CaO, CO,) -f ; and recently, 

Mansfield has obtained it in large quantity from the more volatile 
portions of coal naphtha. It may also be obtained, mixed with 
other products, by several other processes, such as the distillation 
of phthalic acid with lime, and the dry distillation of kinic acid. 
Benzole may easily be procured in small quantities by exposing a 
mixture of one part of benzoic acid with three p^rts of quicklime, 
to a moderate heat gradually applied; the distillate should fee 
agitated with a weak solution of potash, and the benzole which 
rises to the surface be dried by digestion upon chloride of calcium ; 



HYDROCARBONS HOMOLOGOUS WITH BENZOLE. 5()5 

after which it may be obtained pure by redistillation. Benzoic acid 
yields about a third of its weight of benzole.* When benzole is 
required in considerable quantity, its cheapest source is coal 
naphtha, although on a small scale its purification is tedious. 
Mansfield, after purifying it by repeated rectifications, takes 
advantage of its power of solidifying at 32°, in order to free it 
from the hydrocarbons which accompany it, and which remain 
liquid at that temperature. By operating in this way upon two 
gallons of naphtha, a pint of pure benzole was pirocured. 

0 ( 1318 ) Hydrocarbons homologous with Benzole, — Toluole, or 
benzoene, is one of the products of the distillation of balsam of 
tolu, and it appears to be identical with the retinaphiha obtained 
by Pelletier and Walter, from the distillation of rosin (ia53). 
Xylole was found by Cahours, mixed Muth toluole, cumole, and 
cymole, among the oils which are separated from crude wood 
s[)irit by the addition of water. Cumole may also be obtained by 
the distillation of cuminic acid with an excess of quieklirnc : it 
appears to be identical with the retinyl of Pelletier and Walter. 
Cymole is present in essence of cummin, and it may also be 
obtained by distilling camphor with anhydrous phosphoric acid, or 
w’ith chloride of zinc. These hydrocarbons arc not, however, of 
sufficient importance to require any lengthened description in 
this work. In the following table their boiling points and densities 
are compared with those of benzole : — 


Hydrocarbon. 

Formula. 

Boiling 
point, °F. 

Liquid. 

Gravity. 

Vapour. 

Benzole . , 

C,,H, 

177° 

0*85 

2-77 

Toluole . . 

i-CuH* 

230° 1 

0*87 

326 

Xylole . . 


263° ! 


Cumole . . 


299° 1 



Cymole . . j 

C.„H„ 

1 

341 °' ! 

1 

0*86 1 

459 


* If benzoate of lime be distilled with onc-tenth of its wei<4ht of quicklime, 
it yields a red liquid which, when submitted to redistilhition, first yields btmzole ; 
and when the temperature rises to 599" a compound termed benzo-phenone 
Ci4Hg02) passes over; this suostance on cooling solidifies into a mass 
of straw yellow crystals, which may be purified by recrystallization from ether. 
When pure it forms beautiful colourless crystals, belonging to the oblique system. 
It melts at 115'’, and boils at 599° ; it has an Sgreeable ethereal odour. Ben- 
^ophenone may be regarded as benzole, in which the place of an equivalent of 
hydr(^en has oeen supplied by that of an equivalent of benzoyl, or as a com- 
bination of ^pnzoyl witn phenyl. When heated with a mixture of hydrate of 
potash and lime, it is decomposed into benzole aud benzoate of potash ; — 

0, dig, + e:o,ho = ir + ko, 
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(1319) Oiher Compounds of Benzole. — Benzole yields direct 
compounds with chlorine and bromine, CiaHgCle and CigHeBre, 
when exposed to the sun^s light in contact with these halogens. 
These substances present a certain analogy with Dutch liquid, and 
when decomposed by an alcoholic solution of potash, yield com- 
pounds which contain C12H3CI3 and C22H3Br3, 

Sul])huric acid forms a compound acid with benzole, termed 
Injposulphohenzidic or sulphobenzolic acid (IIO, C12H5, S2O5) : it 
furnishes readilyc^crystallizable salts. If benzole be treated withr 
anhydrous sulphuric acid a viscid mass is produced, which maj^ be 
dissolved in a small quantity of water, but on the addition of a 
considerable amount of water, sulphobenzolic acid remains in the 
liquid, and a sparingly soluble crystalline body is separated. This 
crystalline body is termed sulphohenzide (C13H5SO2) ; it may be 
purified by crystallization from ether: it is fusible at 212°, and 
may be distilled unaltered at a much higher temperature. 
Hofmann and Buckton have lately obtained a sulpho-acid with a 
larger proportion of sulphuric acid, termed disulphohenzoUc acid 
(2 HO, CJ2H4S4O10; page 305), by heating benzonitrile wdth fuming 
sulphuric acid. 

(1320) NitrohenzoJe or niirobenzide (Cj^HgNOj), Sp. gr. of 
liquid 1*209; of vapour — Benzole is remarkable for the facility 
with wdiieh it yields substitution compounds with peroxide of nitro- 
gen. If benzole be added, in small portions at a time, to warm 
fuming nitric acid, it is dissolved, and on cooling, or on being 
diluted, is separat(?d in the form of a yellow oil, which may be 
purified by washing, first with w^atcr, and then with a weak solution 
of carbonate of soda. 

Nitrobenzolc is a yellowish oil, which becomes solidified in 
needles wdien exposed to a tempci’ature of 37®. It boils at 415®, 
and may be distilled unaltered ; it has a very sweet taste, and an 
odour resembling that of bitter almonds. It is used in perfumery 
under the name of Essence of Mirbane. Nitrobenzolc is soluble in 
alcohol and in ether, in all proportions. If its alcoholic solution 
be saturated with ammonia, and then wdth sulphuretted hydrogen, 
sulphur is deposited, and aniline is formed ; aniline is also obtained 
from it still more readily by adding nitrobenzolc to a mixture of 
equal parts of alcohol and hydrochloric acid, and introducing frag- 
ments of zinc, or by the 2)roccss of B&hamp, w ith protacetate of iron 
(page 254). The successive formation of nitrobenzolc and of aniline 
may be employed as a test for the presence of bcnzole^in oils : — a 
few' drops of the suspected liquid are to be heated gently with fuming 
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nitric acid In a test tube, and largely diluted with Water, when oily 
drops of nitrobenzole are separated ; if the liquid be agitated \^ itli 
ether, the nitrobenzole is dissolved, and may be decanted intT) a fresh 
tube : to this a mixture of equal parts of alcohol and hydrochloric 
acid are added, and a few fragments of granulated zinc. The nitro- 
benzole will thus be reduced to aniline, which may be liberated by 
the addition of potash in exceSfe : it must be again agitated with 
ether to dissolve the aniline, and if this ethereal solution be mixed 
^ with a solution of chloride of lime, the violet^ tint characteristic 
of aniline will be devclojjed. 

Dimirobenzole [Cj2lIi{N04)2]. — If benzole be boiled with fuming 
nitric acid, or if it be allowed to fall, drop by drop, into a mixture 
of oil of vitriol and nitric acid so long as the liquids mix, dir.itro- 
benzole is formed ; the liquid must be boiled for a few minutes, 
and, on cooling, the dinitrobenzole is deposited in the form of a 
crystalline magma. It must be washed with water, and re- 
crystallized from alcohol: it melts at a temperature below 2 \' 2 p. 
Dinitrobenzole represents benzole in which two equivalents of per- 
oxide of nitrogen have tifken the place of two ecjuivalcnts of 
hydrogen. If its alcoholic solution be treated with hydrosulphate 
of ammonia, nitranilinc (page 2 58) is prodiKXMl. 

(1321) Derivatives of Nitrobenzole obtained by reduction , — 
Nitrobenzole experiences a reduction of a different kind if it 
be treated with an alcoholic solution of ])otash ; azoxibenzide 
(C12H5NO) is then formed, and may be obtained by distilling the 
liquid until it separates into two layers ; the up])cr oily one, when 
washed with water, yields brown needles of azoxibenzide ; they 
may be purified by dissolving them in alcohol, and transmitting a 
current of chlorine (to destroy the colouring matter), and re- 
crystallizing. The crystals thus obtained arc of a sulphur yellow 
colour, and often exceed an inch in length. It is fusible at 97*^. 
When distilled it yields aniline, and a new body termed azo- 
benzide. 

Azobenzide (Ci3H5N)2 may also be procured by distilling nitro- 
benzide with an alcoholic solution of potash ; towards the end of 
the distillation, it passes over in the form of a red oil, which 
solidifies in large crystals : it may be purified by re-crystallization 
from ether, and may be obtained in the form of orange-coloured 
plates, which arc freely soluble in alcofiol,,but scarcely so in water. 
It fuses at 149°, and boils at 380°, and may be distilled unaltered. 
When an alcoholic solution of azobenzide is treated with hydro- 
sulphate of ammonia, or with sulphurous acid, it is converted into 
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a base called benzidine (CiallgN). The exact decompositions which 
Bttend the conversion of nitrobenzol6 successively into azoxibenzide, 
azobcnzide, and benzidine, have not been clearly made out. If 
azobenzide be treated with nitric acid, it yields two substitution 
compounds (C^iHjXNOJNa ; latter, when 

reduced by hydrosulphate of ammonia, yields another base, termed 
diphenine, which is of a yellow colour ; it is soluble in ether : — 

Dinitro-azobenzido. Diphenine. 

6^h 7(N0^2 iaHS-= ^(Ci2HeN,7 + 8HO + 12 S. 

(1322) Phenic, or Carbolic Acid \ Hydrate of Phenyl ; Phenole 
(Ci2Hg02 =HO, C12H5O) Sp.gr. 1065. — This substance is the 
most abundant acid product of the distillation of pit-coal. It is 
also produced by the distillation of the salicylates of the alkalies 
and of the earths (1230). It is likewise found amongst the products 
of the distillation of gum benzoin, and of the resin of the Xan- 
thorrhma hastilis. Stjcdeler has found phciiic acid in the urine of 
the cow, and of some other animals. 

Laurent obtains phenic acid from the oil of coal-tar, by collecting 
separately those portions which boil at between 300° and 400®, and 
mixing with this oil a hot saturated solution of hydrate of potash, 
adding a quantity of the powdered hydrate ; a copious separation of 
a white crystalline substance immediately occurs. The still liquid 
portion must be decanted, and tlie crystallized matter dissolved in 
a small quantity of water. When thus treated it separates into 
two layers^ the denser of which consists of an aqueous solution of 
phenate of potash. This portion must be separated from the 
lighter oily layer, and must be neutralized by the addition of 
hydrochloric a(nd. Carbolic acid rises to the surface. It must be 
digested upon chloride of calcium to remove water, and afterward 
distilled, and exposed to a temperature which is gradually lowered. 
It then crystallizes in long colourless needles, which must be 
preserved from contact with the atmosphere. 

The crystals of phenic acid melt at a temperature of about 
95®, and the liquid enters into ebullition between 369® and 370°. 
The presence of a minute trace of moisture is sufficient to cause 
the liquefaction of the crystals. Phenic acid is very sparingly 
soluble in water, but it is dissolved by alcohol^ ether, and cori^G^i^- 
trated acetic acid in all projyortions. If has a burning taste, and an 
odour of smoke, resembling that of kreasote. Its vapour atricmgly 
attacks the skin of the lips, and of the gums. Phenic acid pos- 
sesses antiseptic properties similar to those of kreasote : indeed, 
much of the commercial kreasote consists solely of phenic acid. 
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Its solutions do not redden litmus paper ; a drop of it let fall 
upon paper produces a transielfit greasy stain. If a splinter of 
deal be dipped into a solution of pheiiic acid, and then into nitric 
or hydrochloric acid, the wood as it dries becomes blue. 

Phenic acid, when heated with ammonia in a sealed tube, 
becomes partially converted into water and aniline (1064). The 
acid combines with potash, and ^brms with it a crystalline com- 
pound ; though it may be distilled, unchanged, from hydrate ot 
potash, and from quicklime or caustic baryta in excess. Phenates 
of these bases may be obtained, but they are easily decomposed. 

(132^5) flornologues of Phenic Acid. — Phenic acid is accomj)a- 
iiied in coal tar by other homologous bodies which greatly resiiinblc 
it. By subjecting commercial coaltar kreasotc to fractionated flis- 
tillation, Williamson obtained a liquid which boils at 397°, and 
which is nearly insoluble in solution of ammonia. Williamson 
terms it hydrate of oxide of cresyl (HO, C14II7O) ; or it might be 
termed kresylic acid. It is soluble in oil of vitriol, producing a 
violet colour, and forming a compound acid. This substance is 
polymeric with anisole (1240) and with benzoic alcohol (1211), 
and would be the phenic acid of the toluic series. WJien 
treated with fuming nitric acid, it is oxidized with almost explo- 
sive violence, and a triniirokresyllc acid (110, c,,iUNO,),o), 
homologous with carbazotic acid, is produced. 

It has been suggested that the kreasote of wood tar is a third 
homologue (HO, C^gHyO), in which case it would be the phenic 
acid of the xylylic scries ; but the difficulty of purifying kreasote 
renders its exact composition a matter of uncertainty. 

(1324) Ethers of Phenic Acid. — Phenic acid may be caused to 
enter into combination with the oxides of the alcohol radicles by a 
process of double deconi position, which consists in distilling the 
sulphomethylate, sulphethylate, or sulphamylatc of potash, with 
phenate of potash. These ethers may also be proeured by heating 
phenate of potash with the iodides of methyl, of ethyl, or of amyl ; 
they are also produced by the distillation of the salicylic ethers 
with caustic baryta : the preparation of anisole by the latter process 
being represented by the equation : — 

l^aliojlate of Methyl. Phenate of Methyl. 

(^ 0 ,CmHA + aBaO = a (BaO^CO,) + 

Anisic acid, which is metameric with salicylate of methyl, also 
yields phenate of methyl, which is identical with anisole. 

The ethers of phenic acid may thus be contrasted with the acid 
itself: — 
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Boiling 

Point. 

Specilic 

Gravi^. 

Liquia. 

Phenic, or carbolic acid . . . HOjCj^HgO 

Plionate of methyl, or anisole Cg Hg 0 ,GioIIr ,0 
Phenateofetliyl, or pheiietole C4 Hg 0,Cj2Hg0 
Pheriateofauiyl,phenaniylole CioHuO^CigHgO 

rt , 

370° 

306° 

342° 

437 

I -065 
0-991 


Each of these ethers, when treated with nitric acid, yields substi- 
tution compound# analogous fo those furnished by anisole (1240), 
and when submitted to the action of hydrosulphate of ammonia, 
bases are obtained analogous to anisidine, nitranisidine, and diiii- 
tranisidine. 

(1325) Products of the Decom, position of Phenic Acid , — ^When 
distilled with pcrchloridc of phosphorus, phenic acid yields 
chloride of phenyl (CJ2II5CI), which is a colourless mobile liquid, 
with a fragrant smell, resembling that of bitter almonds : it 
boils at 277^- At the same time phosphate of phenyl is formed; 
it may be obtained at a low temperature in beautiful crystals. 
When melted, it is slightly yellow, atid has a fluorescent pro- 
perty. If terchloride of ])hosphorus be substituted for the per- 
chloridc, chloride of phenyl and phosphite of phenyl are pro- 
duced ; and the latter, when distilled, yields benzole, amotigst 
the products (AYilliamson). Benzoic, it will be remarked, contains 
two equivalents of oxygen less than phenic acid ; the phosphorous 
acid ill this case deoxidizes the phenic acid, and becomes con- 
verted into phosphoric acid. 

Phenic acid gives rise by substitution to an unusual number 
of acid compounds, formed upon the type of phenic acid itself : 
such for example as the following : — 


Plu‘nic, or carbolic acid ITO, CjoTTg, O 

J.)ichloro[)Uenic, or clilorophenesic do. IK), C^jIJ^Clo, O 
TrichloroidicMiic, or chlorophenisic do. HO, CjaHgCJg, O 
Pentachloroplicnic, or cliloroplienusicdo. HO, ^ 

Bromoplienic, or brovnoplienasic do. . IIO, Ci2H4Br, O 
Dibromoplienic, or bromophenesic do. IIO, CjgHaBrg.O 
Tribromophemc, orbrornoi)beTii 8 ic do. . HO, CigHgBro.O 
Hitropheaic, or TiitropUenaaic acid . . HO, C,2H4 (N04),0 
Dinitroplieiiic, or nitrophenesi;- acid . HO, CiJIj (JXO^jg^O 
Triuitroplienic, or nitr^^phenisic acid . 110, CigHj (N04)3,0 - 

Dichloronitropbenic acid HO, CigHgCJj (N04),Cf' 

Din iodo-nitrophenic acid HO, CigHgL (NO4), O 

Bromodinitrophenic acid IIO, CijHaBr (N04)2,0 


All of these acids are monobasic, and form definite salts, 
many of which crystallize very beautifully. 
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A mixture of chlorate of potash and hydrochloric acid con- 
verts phenic acid into trichlorophenic acid (HO, Ci2H2^d30), and 
by prolonging the action, chloranil (€1201404) is produced. 

Oil of vitriol dissolves phenic acid, without change of 
colour, and produces a cornpomid acid, termed sulphophenic acid 
(HO, CjaligO, SaOg) ; it forms with baryta, a soluble salt, which 
crystallizes in tufts of needles. 

If phenic acid be allowed to fall, drop by drop, into fuming 
nitric acid, it is attacked with grea^. violence ; each drop produces 
a hissing like that which accompanies the quenching of a hot 
iron; and upon boiling the mixture, carbazotic (irinitropheiiic) 
[HO, Ci 2H2(N04)30] acid is obtained. If the acid be more 
dilute, nitroptienic acid [IIO, Ci2H4(N 0.1)0] or dmitropheriic 
[II0,Cj 2H3(N04)20] is produced. Both of these acids may readily 
be obtained in crystals : most of their salts crystallize with facility; 
they greatly resemble the carbazotates. 

(1326) Carbazotic, trhdtrophenic, nitro-phenisic, or picric 
acid (HO, C12H2 (NO.Jj^O). — This is a frequent product of the 
action of nitric acid upon oomplex organic substances. Phenic 
acid, salicin, coumarin, phloridzin, silk, indigo, and a variety o 
resins yield it when treated with fuming nitric acid. The oil o 
tar, which distils over at a temperature between 300® and 400°, is 
one of the best raw materials from wliich this acid can ])e pro- 
cured. The resin of the Xanthorrhmi hastilis is also a convenient 
source of carbazotic acid. The hot solution obtained by acting 
upon these bodies with nitric acid must be decanted from the 
undissolved portions, and the carbazotic acid, which is deposited 
as the liquid cools, may be purified by washing with cold water, 
and converting it into a salt of ammonia or of potash, which may 
be readily obtained in crystals ; the carbazotatc of ammonia or of 
potash when dissolved in boiling water may then be decomposed 
by dilute nitric acid, and crystals of carbazotic acid will be ob- 
tained as the liquid cools. 

Carbazotic acid crystallizes in long, pale yellow, brilliant, 
rectangular plates, which are readily soluble in alcohol and in 
ether. It requires between 80 and 90 parts of cold water for 
its so lution, forming a liquid of a bright yellow colour, and stains 
im|j:in yellow. This acid has an intensely bitter taste, which 
has induced some persons fraudulently to substitute it in beer 
for a portion of the hops. Carbazotic acid is also employed for 
dyeing silk, to which it imparts a beautiful yellow colour, after the 
silk has been mordanted with alum, or with cream of tartar. 
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On the application of heat carbazotic acid fuses to a yellowish oil, 
and if the temperature be gradually raised, it may be paftially 
sublimed, but if suddenly heated it is decomposed with explosion. 
Concentrated sulphuric and nitric acids dissolve it unaltered, and 
deposit it on dilution. The carbazotates generally crystallize 
with facility ; they are bitter and of a yellow colour ; when heated 
they arc decomposed with explosion. Carbazotate of potash is 
anhydrous; it is freely soluble in boiling water, but requires 260' 
parts of cold water for solu^^on. The salt of ammonia is also 
anhydrous, but it is more soluble in water, and is somewhat solu- 
ble in alcohol. The soda salt is readily soluble in cold water. 
The carbazotates of the alkaline earths, and of lead 'and silver, are 
freely soluble. 

When the nitrous derivatives of phenic acid are submitted to 
the reducing action of hydrosulphatc of ammonia two red ami- 
dated acids are produced. The compound obtained from dinitro- 
phenic acid is termed nitro-phenamxc acid [HO, 

4Aq] ; that from carbazotic acid is named picramic acid [HO, 

Ci.H, (NO,),NO]. 

(1327) Oxy phenic Acid, or Pyrocatcchin (Cj 211(^4) is a sub- 
stance whicli may be noticed in connexion wdth phenic acid. 
No direct relation has been traced between tliese two acids, 
but the formula of oxypheiiic differs from that of phenic acid by 
two equivalents of oxygen. Oxyphenic acid is obtained most abun- 
dantly by the distillation of catechu and of moritannic acid, and 
of gura-ammoniacum ; the acid liquid which passes over during the 
operation must be decanted from tarry matters which accompany 
it, and be left to spontaneous evaiioration, Tlie crystals which are 
gradually deposited must be freed from the mother liquor by pres- 
sure between folds of filtering paper, and purified by sublimation. 

Oxypluniic acid crystallizes in colourless rectangular prisms. 
It is very soluble in water and in alcohol, but is nearly insoluble 
in ether. It has a bitter taste, but scarcely any acid reaction. Its 
crystals fuse between 230° and 240°, and the liquid enters into 
ebullition between 464® and 473'’. Its solutions in the alkalies 
become first green, then brown, and finally black, whilst oxygen 
is absorbed. Its most characteristic reaction is the dark gjseen 
colour which it produces on the addition of perchloride of 
on the addition of any alkaline solution this colour is change to 
a deep red. With acetate of lead it yields a white precipitate. 
Nitric acid decomposes oxyphenic acid, and oxalic acid is formtjd. 

(1328) StyphnicAcid (C,2H3N304,=2ll0,Ci2H(N04)302).— The 
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composition of this acid is such that it has been supposed to bear 
the same relation to oxyphenic ;icid, th^t .carbazotic acid does to 
plienic acid. This view, however, is not very probable, sinpe the 
acid is dibasic, and it cannot be obtained from oxyphenic acid by 
the action of nitric acid upon it. It is the product of the action 
of nitric acid (sp. gr. i*2o) upon certain gum resins, such as ammo- 
niacum, assafoetida, and sagapenunn. The aqueous extracts of IJrazil- 
wood and of the Morus tinctoria, also yield it when treated with 
nitric acid. Many of these substauces^fiirnish oxyphenic acid by dis- 
tillation; extract of Brazil-wood yields it abundantly by this process. 
Styplinic acid is sparingly soluble in cold water, but readily so in 
alcohol and in ether. It crystallizes in long prisms, which have a 
yellow colour. Its solution stains the skin permanently yellow. 
Styplinic acid reddens litmus, and decomposes the alkaline car- 
bonates with effervescence. It also dissolves metallic iron and 
zinc with facility. Its taste is somev|hat astringent, but not acid. 
The styplinates, like the carbazotates, are decomposed with explo- 
sion, when gently heated. This acid forms two classes of salts, 
a neutral and an acid one. Jt appears to be dibasic, and many of 
ra salts crystallize readily. 

c. Naphthalic Series. 

(13^9) Naphthaltn (CgolIJ. Sp. gr. of solid 1*153 ; of 
vapour 4*528. — This substance derives its principal interest from 
the important researches to which it was submitted by Laurent, 
and upon which he principally founded his theory of substitutions. 
Naphthaliu is a constituent of tlie principal varieties of tar, but it 
is most abundant in coal tar, particularly in that obtained from 
the London gas-works. It is also produced when olefiant gas, 
phenic acid, and some other constituents of coal tar, are trans- 
mitted slowly through red-hot tubes. Naphthaliu is easily ob- 
tained from thelast portions of the distillate from tar, which become 
semisolid on cooling. The liquid constituents of this mass must 
be separated from it by pressure, and after recrystallization from 
hot alcohol it may be obtained perfectly pure by sublimation. 

Naphthaliu forms flaky crystals, consisting of rhombic plates, 
which have an unctuous feel and a pearly lustre .• it has a peculiar 
and a biting and somewhat aromatic taste. It gradually 
uHflCTgoes sublimation at ordinary temperatures, and is easily 
distilled over with the vapours of water. It fuses at about 174®, 
and boils at 428®. Naphthaliu does not readily take fire, but 
when kindled it bums with a white smoky flame. It is insoluble 
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in water, but is readily soluble in alcohol, ether, oil of turpentine, 
and the fixed oils. Pota^ is without action upon it. 

(1330) Action of Sulphuric Acid upon Naphthalin. — Sulphuric 
acid wdien heated with naphthalin combines with it. If the 
naphthalin be in excess, the acid forms with it a neutral fusible 
compound, termed sulphonaphthalin. If the sulphuric acid be in 
excess^ and the temperature do not exceed 200°, a semisolid 
acid compound is formed, the sulphonaphthalic. If a higher 
temperature be employed, especially if fuming sulphuric acid be 
used, disulphonnphthalic acid is filso formed; it is a brown 
deliquescent compound, with a sour and bitter taste. 

In all these cases the combination of hydrated sulphuric acid 
with naphthalin is attended with the separation of water ; thus : — 

Sulplio-naphthalin . . . . | C^nf+^UO. SO3 — 2 HO 

Sulplio-naplithalic, termed also liypo- ) ifO, = 

sulplio-iiaplitlialic aeid . . ♦ . J + 2 (HO, SO3) — 2 HO 

Disulpho-miplillialicacid,(tliio-naplitie, ) 2 H’O, = 

or hyposul])lio-iiai)htiiiic acid) . ) + 4 (llO, SO.j) — 4 HO 

Besides these two acids, a small quantity of a third acid is some- 
times obtained, which is riictamcric with the sulpho-naphthalic ; from 
the latter, this now acid is distinguished by the diflFereuce in the 
effect of heat upon its baryta salt, whicli when burned in open air 
smoulders like tinder till the naphthalin is consumed, whilst the 
sulpho-naphthalatc of baryta burns with a luminous flame. The 
snlpho-naphthalates are soluble in water, and many of them in 
alcohol also; they have a bitter, almost metallic, taste. 

(1331) Action of Nitric Acid upon Naphthalin. — Nitric acid 
attacks naphthalin slowly at ordinary temperatures, and con- 
verts it into a sulphur-yellow compound, termed nitro-naphlhalin 
[(l^olIrlNC^)] ; at liigher temperatures dinitro-naphthalin [C2oHg 
^NO,i} 2] ami trinitro-naphthalin [C2()H5(N04)3] are produced. 
These different varieties of nitro-naphthalin crystallize beautifully 
from their alcoholic or their ethereal solutions. ^ When solu- 
tions of these compounds are exposed to the reducing action of 
hydrosulphate of ammonia, cjxch compound yields an azotised 
base ; naphthalidine , or naphthylamine (C30II9N) being that fur- 
nished from nitro-naphthalin, and semi-napthalidam' (CgoHioNg), 
from dinitro-naphthalin ; and a third base was obtained by Laur^ 
from trinitro-naphthalin. By prolonged boiling with nitric acid, 
naphthalin is converted into a mixture of oxalic and phthalic acids : — 

Naphthalin, Phthalic Acid. Oxalic Acid. 

6^8 + 16 O = zlio, + Tho, 
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Phthalic, or Naphthalic Acid (2 HO^ CieH^Og)^ is produced 
by the loug-coiitinued action of nitric acid upon iiaplithalin, as well 
as upon the bichloride of naphthalin^ and upon alizarin. The 
latter mode of its production is interesting, since it indicates a 
connexion between naphtlialin and the colouring matter of madder. 
On evaporating the solution obtained by acting upon naphthalin 
with boiling nitric acid, phthalic acid is deposited in groups of 
lamellar crystals. It is sparingly** soluble in cold water, and very 
soluble in alcohol and in ether. When exposed to a high tempe- 
rature, water is expelled, and phthalic anhydrklc is sublimed. 
By still further prolonging the action of nitric upon phthalic acid, a 
nitrophthalic acid [2 HO, C|eIl3(NOj,)OJ may be procured. If 
phthalic acid be distilled with lime, carbonate of lime and benzole 
are the results : — 

Phthalic Acid. Benzole. 

ria -f 4 CaO = 4 (CaO, CO^) + C^o- 


Phthalic acid is dibasic, and Hofmann has suggested that it 
may form one member of a series of acids wliich would bear 
the same relation to the monobasic aromatic acids as the dibasic 
acids of the oxalic scries bear to the volatile fatty acids ; and 
he has obtained from curninic acid, by the oxidizing influence of 
nitric acid upon it, a compound which, from its sparing solubilltj^, 
he has termed msolinic acid. This acid is also dibasic. The two 
classes of acids would be represented thus — insol inic acid having, as 
yet, no representative in the monobasic series : — 



(1332) Action of Chlorine on Naphthalin , — When chlorine is 
brought into contact with naphthalin, the two bodies enter into 
direct combination : the naphthalin fuses, and a mixture of two 
compounds, presenting considerable analogy to Dutch liquid, is 
formed. One of these compounds has been termed, somewhat 
inappropriately, chloride of naphthalin (tJ2oH8C]2 = C2oH7Cl, HCl), 
and the other, bichloride of naphthalin (C2oH8Cl4,=C2oH0Cl2, 2 HCl). 
The formation of small quantities of substitution derivatives of 
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naphtlialin also usually accompanies the production of these com^ 
pounds. It would have been more correct to have termed the 
first, hydrochlorate of chloTiaphtase, and the second, bihydrochlo^ 
rate o]f chlonaphtese. To avoid confusion, we shall, however, retain 
the terms of cliloride and bichloride of naphthalin. 

Chloride of Naphthalin (C2oHQCl2)i8 an oily body;which is soluble 
in ether in all proportions. This circumstance is taken advantage 
of in effecting its ])artial separation from the bichloride, which 
is solid ; but it is difficult to free it completely from this latter 
substance. Bichloride of naphthalin (CgoUsClJ exists in two modi- 
fications, which have been distinguished by the letters a and )3. 
These modifications are both formed simultaneously during the 
action of chlorine upon naphthalin. The bichloride a is sparingly 
soluble in boiling ether, from wdiich, on cooling, it is deposited in 
crystals; or it may be purified still more advantageously by crys- 
tallization from boiling oil of petroleum. It is scarcely soluble in 
alcohol. The bichloride j3 is very soluble in alcohol, and still 
more so in ether. It is obtained by exposing the ethereal mother- 
liquor, from which the bichloride a has crystallized, to a low tem- 
perature for a few hours, and recrystallizing the deposit (which 
consists of a mixture of the modifications of a and )3) from ether ; 
the liquid retains the modification /3, which must be recrystallized 
until the crystals obtained are rapidly dissolved by cold ether. 
Corresponding compounds with bromine may be obtained, and other 
derivatives also may be formed, into the composition of which both 
chlorine and bromine enter. *(See Table i, page 577 .) 

Both the liquid chloride and the two modifications of the bi- 
chloride of naphthalin arc decomposed by distillation. When 
treated with an alcoholic solution of potash, they are decomposed, 
chloride of ])otassium is formed, and chlorinated derivatives of naph- 
thalin arc produced. In these new cornpounds the number of 
equivalents of chlorine and hydmgen together is always equal to 
8 , which is the number of equivalents of hydrogen naphthalin* 

The researches of Laurent have disclosed the existence of an 
exceedingly numerous series of substitution compounds, formed 
upon the type of naphthalin, into* the composition of which dhlorine 
enters. 

Corresponding compounds with bromine may also be ficnaned, 
and another series may be obtained, in which the is 

effected partly by chlorine and partly^ by bromine. It wonid be 
inconsistent with the plan of the present work to attempt to give 
any detailed account of these bodies. The table whi^ follows 
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will indicate the composition of the principal compounds of this 
series. These bodies are of little practical importance, but their 
investigation led Laurent to theoretical deductions regarding the 
molecular constitution of chemical compounds generally, which 
have exerted a remarkable influence upon the recent progress of 
organic chemistry.* 

I. Chlorides and Brdfnides of Naphthalin, 

I. 2. 

Liquid chloride of naplithalin . CgoTL, Cb CgoTT-Cl, HCl 

Chloride of bronaphtaae . . Clg OaoHfiBrCl, HCl 

Bichloride of naphthalin . . Co^H^ CI4 CoolT^^CIg, 2 HCl 

Bichloride of chlonaphtaae . CgolfjCl, CI4 Cayll^Cb, 2 HCl 

Bichlorobromide of naplithalin . CgoHg, CJ^Br CaoHgClgt HCl, HBr 
Bichloride of ehlonaphtese . C^yHfiCl,, CI4 C.joH.Ch, 2 HCl 

Bichloride of bronaplitese . j C.iyHgBro, CI4 Cl^oH jClgBrj, 2 H Cl 

Bibromide of ehlonaphtese . j C2oHgCl2, Br*4 C2i,Il4Cl2Br2, 2 HBr 

Bibromide of chlorabronaphtese 1 C2glIgClBr, Br4 C20H4CI Brg, 2 HBr 

Bibromide of bronaplitese . ! CooHgBrg, Br4 C20 1141^4. 2 HBr 

Bibromide of bromechlonaphtise i C2oH5Br2Cl. Br4 C2oH3Br4Cl, 2 HBr 

Bibromide of bronaphtise . .| C^gHgEra, Br4 CgolLjErg, 2 HBr 

I 

Many of these compounds are isomorphous. 

The compounds which arc contained in the foregoing table 
are susceptible of decomposition by means of an alcoholic solution 
of potash, which effects the removal of a certain portion of chlorine 
or of bromine, and the compound which is left is one of those 
represented in the following table : — 

a. Compounds formed upon the type (CgohT^). 

Chlonaphtaae . C2on-Cl Clilonaphtose . . C20H4CI4 

Bronaphtaae . C2yTl7Br Chlorcbronaphiose . C2,, 11403 Bfg 

ehlonaphtese . CgyHgClo Chloribronaphtose . C2oH4Cl3Br 

Bronaphtese . C2oHgBr3 Bronapiitose . . C2oll4Br4 

Chlonaphtise . CoonsOs , Bromcchlonaphtuse . CogU^Bi-aClj 

•Bronaphtise . CoyligErg 1 Chlonaphtlialase . CoyHoClg 

Chlore bronaphtise Chlonaphthaliso . Cgo Clg 

From the results of this decomposition it appears probable that 
the formulae given in the third column of the first table represent, 
more accurately than those of the second column, the true com- 

^ The names proposed by Laurent, extraordinary and uncouth as many of 
them appear, are yet well adapted to represent the numerous substitution 
compounds to which they refer. In the case of naphthalin, the compounds 
which contain chlorine are indicated by the prefix Mo^ and end with a syllable 
in which the vowels a, e, i, 0, and u, are intended respectively to indicate the 
displacement of i, 2, 3, 4, or 5 equivalents of hydrogen. In chlonvo^ydase 1 equi- 
valent of hydrogen has been displaced by i equivalent of chlorine ; in chlo - 
naphWe, 4 equivalents of hydrogen have been displaced by 4 of chlorine. If 
the number of equivalents of hydrogen exceed 5, a fresh syllable, such as al, 
is added to the word, and the vowels (beginning with a) are again employed 
PART 111. P P 
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position of the so-called chlorides and bromides of naphthalin, 
the names of which would require modification accordingly. 

It must not, however, be supposed that the foregoing tables 
indicate all the combinations of chlorine with naphthalin, which 
may be formed by substitution or otherwise. Many of these dif- 
ferent compounds exist in several distinct modifications. There 
are, for example, no fewer than, seven distinct forms of chlonaph^ 
tese, which Laurent has distinguished by the letters a, c, ad, e, 
/, .r, and y ; four of them, a, c, /, and x, are obtained .by the dis- 
tillation of the bichloride of naphthalin, and two of them, ad, 
aiid e, by treating the same compound with potash, and y is the 
result of the action of chlorine upon dinitronaphthalin. 

a and x are liquid at ordinary temperatures, c crystallizes in 
needles, which fuse at 122°, / crystallizes in tables, fusible at 214®, 
ad crystallizes in needles, which fuse at about 85°, e fuses at 88"" ; 
y fuses at 203°, and may be sublimed in plates. Many of these 
bodies arc also distinguished by difterences in the degree of their 
solubility in alcohol and in ether, and by the different way in 
which they are attacked by chlorine and by bromine. 

The existence of these remarkable modifications of chlonaphtcse 
was accounted for by Laurent, on the supposition that in the com- 
pound (C2onH), or naphthalin, each of the 8 equivalents or atoms 
of hydrogen had its distinct or allotted position in the compound 
molecule. In chlonaphtcse 2 of these molecules of hydrogen are 
displaced by 2 equivalents of chlorine, but it is not a matter of 
indifference wdiich of the molecules are thus displaced. Thus, if 


^20 ^ ^ y g I represent the compound molecule of naphthalin, 

cadi figure indicating a distinct molecule of hydrogen, it is not a 
maticr of indifference whether the displacement shall take place thus, 

1 i Ji. & j » 1 i ' 5 :- 1 c- % I S } • 


In all these cases we should still have compounds which on 
analysis would exhibit a perfectly similar composition ; and yet. 


as before. _ Thus to exprcfivS the substitution of 6 equivalents of hydrogen by 
6 of chlorine, the term chlonaphth/jr/rtr#^ is adopted. If bromine he the dis- 
placing body, the prefix hro employed, and if both chlorine and bromine 
be present, the name employed indicates by the vowel in the concluding 
syllable the total number of equivalents of hydrogen displaced, whilst the 
number of one of the halogens' is indicated by a vowel attached to the prefix 
of th^articular halogen to be represented. Thus Morihronapktose indicates 
(Cjfj, H^CLBr), or a compound in which 4 equivalents of hydrogen have been 
displaced by 3 equivalents of chlorine, and by one of bromine : the name 
hromecklonaphtose indicates that ihe 4 equivalents of hydrogen displaced are 
represented by 2 equivalents of bromine, and by 2 of chlojine. 
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from the different relative position of the atoms of chlorine in the 
compound, the properties of ea^h might be different. It may be 
shown by calculation, upon the principle of permutation, that 
twenty-eight such varieties of clilonaphtese are possible ; of these 
seven have been discovered. This subject is placed in a very 
clear light by Gregory; (see also p. 202). 

Chlonaphtise may also be o]jtained in seven different forms, 
all of which are crystallizable solids. Chlonaphtose is known 
under four different modifications. The compounds which contain 
both chlorine and bromine of the type naplttone^ in which 4 
equivalents of hydrogen have been displaced, may be formed in 
three different ways, and yield three metaraeric modifications, 
viz. : — I. Chloribronaphtose, which is obtained by exposing a mix- 
ture of bromine and chlonaphtise to the sun^s rays ; it forms 
six-sided prisms, which are fusible, and solidify at a temperature 
of about 221°. 2. BromacMonaphtose a, which is obtained by 

passing a current of chlorine over heated bronaphtese : it forms 
six-sided prisms of the consistence of wax, which after fusion 
solidify at 230°. 3. Brom(y:hlonaplUose j3, which is obtained by 

the distillation of bichloride of bronaphtese ; it forms flattened 
oblique prisms. Various modifications of many of the other 
chlorides might be enumerated, but it is unnecessary to par- 
ticularize further. This great variety of form admits of explana- 
tion upon the hypothesis already applied to account for the 
different forms of clilonaphtese. It is obvious that numerous as 
are the modifications of many of the forms of these derivatives of 
naphthaliu, they constitute but a small number of the possible 
varieties which a permutation in the relative position of the ele- 
mentary atoms of the compound would permit. 

(1333) Paranaphthalin, or Anthracene Bp. gr, of 

vapour 6741. — ^Tliis strtistaiice accompanies iiaphthalin in the last 
stages of the distillation of coal tar. It may be purified from 
Iiaphthalin by means of alcohol, which dissolves the naphthalin, 
but leaves almost all the paranaphthalin untouched. Paranaph- 
thalin is polymeric with naphthalin; it is a white solid, which 
fuses at 356°, and boils at a temperature above 57 2^^. It may be 
distilled without being decomposed, and it condenses in lamellar 
crystals. Its best solvent is oil of turpentine. Chlorine acts 
slowly upon paranaphthalin, forming ^ compound, which has the 
composition represented by CsoHj^Cla, liydrochloric acid being 
eliminated during its formation. A corresponding compound, con- 
taining peroxide of nitrogen, may also be obtained. . 

p p 2 
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(1334) Metanaphthalin (the retisterene of Dumas) is another 
compound polymeric with naphthajin : it was obtained by Pelletier 
and Walter during the distillation of rosin. This body is sparingly 
soluble in cold alcohol, but is readily dissolved by boiling alcohol, 
as well as hy ether, naphtha, and oil of turpentine. It fuses at 
1330^ and boils at 617°. It does not appear to form any coupled 
acid when treated with oil of vitriol. 

(133 5) During the distillation of the bituminous shale of 
Dorsetshire various products are obtained, which greatly resemble 
those contained iii coal tar. The hydrocarbons approach in com- 
position to A portion of the oil, which boils between 

390“ and 480°, furnishes a substance resembling kreasote, which 
Laurent termed arnpelin : it is soluble to a considerable extent 
in water, but the addition of a few drops of an acid or of the 
solution of certain salts causes the separation of the ampelin. 
Ampelin is decomposed when the attempt to redistil it is made. By 
treating the oils of schist with nitric acid, Laurent obtained an 
acid metameric with the salicylic, and which he termed ampelic acid. 

Shale tar is particularly rich in basic substances. G. Williams 
lias detected in it, in addition to Runge^s pyrrol bases (1067), 
ammonia, pyridine, picoline, lutidine, collidine, and parvoline; 
besides two other bases as yet but imperfectly examined, which 
have been termed carmidine and vertidine. It is remarkable that 
aniline is not present amongst these bases. ( Q. /. Chetn. Soc., vii., 97.) 

The destructive distillation of bones, and of azotised animal 
matters generally, yields a substance commonly known as DippeVs 
animal oil. This oil comes over accompanied by an aqueous 
liquid, charged with carbonate, hydrosulphate, and hydrocyanate 
of ammonia. The oil itself is a complex mixture, consisting of a 
])art which is soluble in acids, and of an insoluble portion ; the 
latter constituting the larger part of thb oil. In the portion 
soluble in acids various volatile bases are present, including 
methylia, cthylia, tritylia, and tetrylia, — aniline, pyridine, picoline, 
lutidine, — and the pyrrol bases. The portion insoluble in acids 
contains benzole, and a mixture of several nitriles. 

(1336) Bitumen, Asphalt, and Petroleum. — Closely connected 
with the products of destructive distillation are the different 
forms of bitumen, asphalt, and petroleum. Deposits of these 
substances are found in various localities, as, for example, at 
Trinidad, at Amiano and in some other parts of the north of Italy, 
and also on the borders of the Caspian Sea, where it occurs in beds 
of marl above Coal measures. It is also abundant at Rangoon, and 
in several other localities of the kingdom of Burmah, where 
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the naphtha is obtained from a pale blue clay, soaked with oil, 
which rests upon roofing slate, beneath which is coal containing 
much pyrites. The petroleum from the last named locality has 
recently been made the subject of examination by De La Rue and 
PI. Muller. {Proceed. Roy. Soc., viii. 22 J.) It is obtained by 
sinking wells about sixty feet deep, in which the liquid is collected 
as it oozes from the soil. At common temperatures it has the 
consistence of goose-fat ; it is lighter than water, and has usually a 
grccnish-browii colour ; it has also a slight, peculiar, but not un- 
pleasant odour. It is composed almost entirely of volatile con- 
stituents ; the fixed residue not amounting to more than 4 per 
cent, if it be distilled in a current of superheated steam. About 
10 or II per cent, of the volatile matters consists of a body which 
is solid at ordinary temperatures (paraffin). When the liquid 
portion is agitated with oil of vitriol, some of its constituents enter 
into combination with the acid, but the greater part remains 
unaltered by this agent. In the portion which combines with the 
acid, benzole, toluolc, xylolc, and cumole, have been identified, and 
there are several basic substances which have not as yet been 
completely examined. The liquid from which the hydrocarbons of 
the benzole series have been removed by the action of oil of vitriol, 
after being rectified, constitutes rock oil or naphtha ; it is a mixture 
of several hydrocarbons ; it is the liquid in which potassium and 
sodium arc preserved. In order to purify it for this purpose, tlie 
crude distillate must be agitated several times with a fifth of its 
bulk of oil of vitriol ; after which the undecomposed hydrocarbon 
is to be well w^asheil with w’^ater, and rectified from quicklime. This 
liquid requires about eight times its bulk of alcohol for solution, 
but it is soluble in all p^oportiGu^. in ether and in the volatile 
oils. Hot naphtha dissolves phosphorus and sulphur, but deposits 
the greater portion of these bodies on cooling. It also dissolves 
caoutchouc, camphor, and fatty and resinous bodies generally. 
Pelletier and Walter describe three components of naphtha; one, 
which is termed naphtha, boils at about 1 90® ; the second, termed 
naphthene (Cigllio), boils at 239°; and the third, naphthole, at 
374^^. It is not improbable that all these bodies are polymeric 
multiples of the hydrocarbon CH. 

Asphalt is the term given to solid bitumen {95i)' The 
bitumens differ in the facility with which they are attacked by 
solvents. Generally they contain but little of any matter soluble 
in alcohol, but most of them are dissolved in great part by ether, 
and by oil of turpentine. Wlien distilled they yield substances which 
resemble the paraffin oils in properties and consistence (1307). 
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1)ERIVATIVES. OF CYANOGEN UllEA ORGANIC BASES OF ANIMAL 

ORIGIN URIC ACID, PRODUCTS OP ITS DECOMPOSITION. 

§ I. DERIVATiyES OF CyANOGEN. 

(1337) In describing some of the compounds of cyanogen {4x6), 
allusion was ma^e to some important derivatives of this body (con- 
taining iron, cobalt, platinum, sulphur, aiid some other elements), 
which perform the functions of salt-radicles, or bodies which in 
their mode of combination present a certain analogy with the 
halogens. In the present chapter some of these compounds will be 
described ; urea and some organic bases of animal origin will next 
be examined, after which uric acid and its more important deri- 
vatives will be considered. 

(1338) Hydrocyanic acid in its anhydrous form combines with 
several of the anhydrous electro-negative chlorides, such as per- 
chloride of iron, bichloride of tin, bichloride of titanium, and per- 
chloride of antimony, and forms compounds, the composition of 
which is represented by the formulae (2HCy, FcgCy ; (HCy, SnClg) ; 
(IlCy, TiCl^) ; and (3 HCy, SbCl^) ; but these compounds are all 
decomposed by water, and have no practical applications. 

The general properties of the cyanides have been already dis- 
cussed; some of these salts are of considerable practical impor- 
tance, and may be now briefly described. 

(1339) Cyanide of Potassium (KCy). — This salt is prepared 
in considerable quantities for the purpose of dissolving the salts of 
gold and of silver in the processes of electrotyping; it is also em- 
ployed in photography. It may be obtained by heating to dull 
redness, in a covered iron crucible, a mixture of 8 parts of an- 
hydrous ferrocyanide of potassium, and 3 of dried carbonate of 
potash, until the fused mass has lust its yellow colour, and ceases 
to give off bubbles of gas. The iron is separated in the form of 
a metallic powder, and subsides to the bottom of the crucible ; 
the fused cyanide can ciicri be poured off, and solidifies on cooling 
to a milk-white mass. The cyanide thus obtained is, however, 
always mixed with a portibn of cyanate, the reaction beingKSUch 
as is shown in the following equation ; — 

2(K3, FeCy3)*-h 2(KO, CO3) =5 KCy -f KO,CyO -f Fe^ -f 2 CO2. 

If the presence of the cyanate of potash be injurious^ it may be 



CYANIDE or FOTASEIUM DOUBLE CYANIDES. 


583 


^ot rid 6f by adding to the mixture of the carbonate and ferro- 
cyanide, before fusion, one-eighth of its weight of charcoal, which 
at a red-heat reduces the cyanate of potash to the form of cyanide. 
The fused salt, when decanted from the iron, has a black colour, 
owing to the presence of particles of unconsumed charcoal. If it 
is to be used in solution immediately, it may be dissolved in water 
and filtered ; but if required in the solid form it may be purified 
by treatment with boiling alcohol, from which, after filtration, it 
crystallizes on cooling. Cyanide of potassium forms colourless 
cubes ; it is deliquescent, has an alkaline reaction, and when moist 
emits an odour of hydrocyanic acid. It is highly poisonous. 

Cyanide of potassium is a powerful and valuable reducing 
agent. The oxides of a large number of metals, including those 
of lead, copper, and iron, when thrown into the melted salt, are 
immediately reduced to the metallic state, whilst cyanate of potash 
is formed. It may also be used in the laboratory as a reducing 
agent, instead of black flux, in testing for arsenic (718). Solutions 
of cyanide of potassium dissolve iron, zinc, nickel, and copper, 
with evolution of hydrogen^ whilst potash is produced. Silver and 
gold are also dissolved by the solution of cyanide of potassium, 
if air be allowed free access, and double cyanides of potassium 
with those metals arc formed. 

(1340) Double Cyanides , — Cyanide of potassium, when mixed 
with metallic solutions, occasions a large number of precipi- 
tates, which, in the majority of instances, are soluble in an 
excess of the cyanide of potassium. The cyanides of the metals 
of the alkalies and of the alkaline earths may be substituted 
for cyanide of potassium, and produce similar double cyanides. 
The double cyanides which aio formed in these cases arc of 
two kinds or classes. The double salts of the first class are 
comparatively unstable, and arc decomposed by the addition 
of a diluted free acid, such as the hydrochloric. In such cases 
the cyanide of pota^isium is decomposed, hydrocyanic acid is 
liberated, and the insoluble metallic cyanide is precipitated. Tne 
double salts which the cyanides of zinc, nickel, manganese, copper, 
and silver form with cyanide of potassium belong to tins class. 
When, for example, the double cyanide of nickel and potassium is 
decomposed by hydrochloric acid, the following reaction occurs, 
and cyanide of nickel is precipitated, since it is insoluble either in 
hydrocyanic or in hydrochloric acid : — 

NiCy,KCy + HCl = NiCy + KCl + HCy. 

The alkalies do not occasion precipitates in the solutions of the 
double cyanides. The cyanides of this class are highly poisonous. 
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Many of these double salts, when mixed with other metallic solu- 
tions, exchange their potassium for the metal of the salt which 
has been added, and thus form double cyanides, which are in- 
soluble in water, but are readily decomposed by dilute acids. 
Thus a double cyanide of zinc and of barium may be obtained by 
mixing a solution of acetate of baryta with one of the, double 
cyanide of zinc and potassium ; ZiiCy, KCy -f- BaO, = 

ZnCy, BaCy + KO, C4II3O3 ; and a double cyanide of nickel and 
copper may be obtained by mixing a solution of the cyanide of 
nickel and potassium with one of sulphate of copper. 

The double cyanides of the second class are much. more stable. 
The salts of this class do not possess the poisonous characters of 
the cyanides in general ; on tlie addition of dilute acids no pre- 
cipitation of the metallic cyanide occurs; tlic more electro- negative 
metal appears to have entered into combination with the cyanogen 
in such a manner as to form a new salt-radicle, more or less ana- 
logous to chlorine and the halogens, in consequence of which it 
remains in solution. 

The double salts which the cyanides of cobalt, of iron, of 
chromium, and of platinum, form with cyanide of potassium, belong 
to this class, and they contain compounds to wdiicli the terms 
cobalti(;yanogen, ferrocyanogen, ferrid cyanogen, chromicyanogen, 
and platinocyanogcn, have been a])plicd : these radicles arc distin- 
guished by the property of yielding compounds with hydrogen 
which possess acid clinracters, and contain a certain number of 
ecpiivalents of hydrogen in the place of the potassium of the 
double cyanide, For instance, the double cyanide of potassium 
and iron, termed yellow fi rrocyariidc of potassium, may he repre- 
sented by tlie formula (Kg, FcCv;,) ; it yields, when decomposed 
hy hydrochloric acid, a compound termed hydro-ferrocyanic acid 
(II2, FeCy3), w hich contains 2 equivalents "of hydrogen instead of 
the 2 equivalents of potassium in the yellow salt : — 

Hydrolerrocf. Acid. 

K2, PcCy3 + HCl FeC^ + 2 KCl. 

The quantity of cyanogen in the simple cyanides may be deter- 
mined by the following inotliv>d proposed by Ileisch (Q. J. Chem, 
Sac,, ii. 219). The substance for analysis is placed in a small 
flask with some pieces of pure zinc in a little water; the neck 
of the flask is fitted with a cork, through which are passed a tube 
funnel, and a second tube bent twice at right angles for carrying off 
the gas which is disengaged; sulphuric acid is poured into the funnel, 
and hydrogen is liberated ; this gas at the moment of its formation 



CYANIDES OP ZINC, NICKEL, MANGANESE, AND COPPER. 685 

combines with the cyanogen, and carries it off in the form of 
hydrocyanic acid, which is arrested by causing it to pass through 
a solution of nitrate of silver. The cyanide of silver is afterwards 
collected upon a filter and weighed. 

(a) Cyanides which do not form Electro^negative Double Cyanides, 

(1341) The following are gome of the principal insoluble 
metallic cyanides which yield double cyanides of the first class, 
e. c., double salts, which arc decomposed, and yield a precipitate 
on the addition of a dilute acid. • 

Cyanide of zinc is white and insoluble in water ; with cyanide 
of potassium it forms a soluble salt (ZnCy, KCy), which may 
be obtained in large regular anhydrous colourless octohedra. 
Cyanide of zinc and sodium (2 ZnCy, NaCy, 5 Aq) may be ob- 
tained in brilliant plates, if cyanide of sodium be substituted for 
cyanide of potassium. Cyanide of nickel (NiCy) forms an apple- 
green precipitate, which is very soluble in cyanide of potassium, 
forming a salt (NiCy, KCy, Aq), which crystallizes in oblique 
rhomboidal prisms of a yjjllow colour. Cyanide of manganese 
falls as a bulky reddish-white precipitate, on mixing a solution of 
any salt of manganese with one of cyanide of potassium ; it rapidly 
becomes brown by exposure to the air. This c^yauide is soluble in 
excess of cyanide of potassium, but the solution absorbs oxygen, 
and gradually deposits oxide of manganese. Suheyanide of copper ^ 
Cu2Cy, is a white powder obtained by treating an acid solution of 
subchloride of copper with cyanide of potassium ; it is soluble in the 
dilute acids. Sulphate of copper yields with cyanide of potassium a 
brownish-yellow precipitate (CuCy), which soon begins to give off 
cyanogen, and becomes converted into a double cyanide (Cu3Cy, 
CuCy, 5 Aq). The same salt may be obtained in bright green 
crystals by adding h;J'drocyanic acid to a solution of sulphate 
of copper. Cyanide of copper (CuCy) is soluble in excess of 
cyanide of potassium, with which it forms two salts, (CuCy, 
KCy) and (CuCy, 3 KCy). The latter is the more soluble salt of 
the two. 

(1342) Cyanide of silver (AgCy) is precipitated in dense white 
flocculi when hydrocyanic acid or cyanide of potassium is added to 
a solution of nitrate of silver. It is nearly insoluble in dilute 
nitric acid even at a boiling temperature, but it is soluble in 
ammonia. When heated gently it melts, and at a high temperature 
gives off cyanogen, leaving a residue of a grey colour, which retains 
a portion of cyanogen. Cyanide of silver is freely soluble in 
solutions of the cyanides of potassium, sodium, barium, calcium^ 
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and strontium. These solutions give no precipitate with solutions 
of the metallic chlorides ; indeed, pyanide of silver is dissolved by 
boiling solutions of the chlorides of the metals of the alkalies, and 
of the earths. It is also soluble in a solution of nitrate of silver, 
as well as in solutions of the ferrocyanide and ferridcyanide of 
potassium. When ferrocyanide of potassium is used as the sol- 
vent, a dirty blue precipitate of cyanide of iron is formed, and the 
liquid becomes strongly alkaline ; KgFeCya + 2 AgCy = FeCy -f 
2 (AgCy, KCy). The cyanide of silver and potassium (AgCy, 
KCy) is anhydrotls, and may be obtained in octohedra or in six- 
sided plates. Occasionally it forms rhomboidal prisms with i Aq. 
This salt is freely soluble in water and in boiling alcohol. It is 
extensively employed for electro-silvering, since its solution, if 
mixed with an excess of cyanide of potassium, and then submitted 
to electrolysis, deposits silver in compact coherent plates (877). 

(1343) Cyanide of Mercury (sometimes called Bicyanide of 
Mercury) (llgCy). — This salt may be prepared either by dissolving 
the red oxide of mercury in dilute hydrocyanic acid, in which the 
oxide is soluble with great facility, ^ or by boiling a mixture of 
4 parts of fincly-pow^dercd Prussian blue and 3 of red oxide of 
mercury, also finely levigated, with 40 parts of water, until the 
undissolved portion has acquired a full brown colour : the filtrate 
on evaporation yields the cyanide of mercury. It may also be 
procured by boiling 2 parts of sulphate of mercury with I of 
ferrocyanide of potassium and 8 of water : — 

(K^FeCya) +3(TIgO,S03) = 3(ngCy) + 2 (KO, SO3) + FcO, SO,. 

Cyanide of mercury crystallizes in anhydrous rectangular prisms, 
which arc' colourless and transparent. It has a nauseous, metallic 
taste, and is very poisonous. It requires about 8 parts of cold water 
for sohitioii ; it is less soluble in ordinary ulcohol, and nearly inso- 
luble in absolute alcohol. Cyanide of mercuiy is decomposed when 
heated ; if perfectly dry it yields cyanogen gas, metallic mercury, 
and a residue of paracyaiiogen. If moist, carbonic acid, ammonia, 
and hydrocyanic acid arc produced. 

Cyanide of mercury dissolves the red oxide of mercury freely, 
and forms an oxycyanide HlgO, HgCy) ; it crystallizes in needles ; 
it is sparingly soluble in cold water, and the liquid has an aflcA- 
line reaction. Cyanide of^ mercinry does not give any precipitate 
of oxide of mercury on the addition of a J&^ee alkali. When heated 
with sulphuric or hydrochloric acid it is decomposed, and gives oft* 
hydrocyanic acid. It is also decomposed by sulphuretted hydrogen* 
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Cyanide of mercury enters into combination with a great number 
of chlorides, iodides, bromides, , and cyanides, forming with them 
crystallizable double salts. It does not occasion precipitates when 
mixed with the solutions of salts of zinc, cobalt, nickel, manganese, 
and other metals which yield cyanides insoluble in water, with the 
exception^of the salts of palladium ; from which it would appear 
that mercury has a stronger affinity for cyanogen than any of the 
metals, excepting palladium. 

(1344) Cyanide of Gold , — The protocyanide (AuCy) is the only 
cyanide of gold which is accurately known. It may be obtained by 
several methods; the simplest consists in adding a solution of 
cyanide of potassium to a dilute solution of terchloride of gold, 
so long as a precipitate is occasioned. It is a lemon yellow 
powder, composed of microscopic hexagonal plates. It is decom- 
posed by heat into cyanogen and metallic gold ; boiling nitric, 
sulphuric, and hydrochloric acids do not decompose it, and aqua 
regia acts upon it very slowly. It is soluble in hyposulphite of 
soda and in hydrosulphate of ammonia ; but its most important 
solvent is cyanide of potassuim, Avith which it forms a double salt 
(AuCy, KCy) : this compound crystfillizcs in colourless rhombic 
octohedra, or in pearly scales. It may be obtained by dissolving 
either the cyanide of gold or the oxide of gold (precipitated from 
the terchloride by ammonia) in a solution of cyanide of potassium. 
Cyanide of gold is also soluble in a solution of the fcrrocyanide of 
potassium. The double cyanide is likewise formed by dissolving finely 
divided metallic gold in a solution of cyanide of j^otassium when 
exposed to the air. The double cyanide of gold and potassium is 
largely used for gilding by means of the galvanic battery (878).* 
Copper and silver articles may also be gilt by it without the aid 
of the battery, by mere immersion ; portions of copper or of silver 
being dissolved during flie operation. 

(1345) Cyanide of Palladium (PdCy). — Palladium has a very 
powerful ?iffinity for cyanogen ; when a solution of a salt of palla- 
dium is mixed with one of cyanide of mercury, a. yellowish- white 
precipitate of cyanide of palladium is formed ; this precipitate may 
be dissolved by means of cyanide of potassium, with which it forms a 

* Bottger recovers the gold from the spent eilding solutions by evaporating 
them to dryness, mixing the residue with its own weight of finely powdered 
litharge, and fusing the mass ; the lead and the gold are reduced, and form a 
inetalno button, which, when treated udth nitric acid, leaves the gold in the 
form of a fine powder, 
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double salt, which crystallizes in rhomboidal prisms (KCy, 
PdCy,3Aq). , 

Cyanide of lead (PbCy) is white ; it is insoluble in water, and 
does not form a double cyanide with cyanide of potassium ; it is 
insoluble in an excess of a solution of this salt. 

(6) Electro-negatipe Double Cyanides. 

(1346) Cyanides of Iron . — Little is known accurately of the 
simple cyanides df iron. AVhen cyanide of potassium is mixed with 
protosulphatc of iron free from peroxide, a reddisli brown precipitate 
partially soluble in acids is formed, ^vhich appears to consist of 
the proto€ya7iule of iron (FeCy). This precipitate is soluble in 
an excess of cyanide of potassium, and thus becomes converted 
into the yellow fcrrocyanide of potassium. The white compound 
obtained by decomposing Prussian blue by means of a current of 
sulphurett(‘d hydrogen appears not to be a simple cyanide of iron, 
as was originally supposed by Robicpiet. The sesqnicyanide has 
not been procured in a separate forni. When a solution of per- 
chloride of iron is mixed w ith one of cyanide of potassium, hydro- 
cyanic acid is liberated, cliloridc of potassium is formed, and the 
precipitate consists of hydrated sesquioxide of iron. Prussian him 
Fe7Cyf,, 18 Aq (1350), TurnlmlVs blue Fe-Cyv*, and tlie substance 
FcyCy4, 4 Aq, wliicli Gmeliii terms Prussian gree^i (1352), are com- 
pound cy unities of iron. 

(1347) Feiuiocvanogen. — The cyanides of iron, when in com- 
bination with other (jyanides, give rise to two important classes 
of compounds, wliieli arc represented by the yellow prussiate 
of potash, or ferrocya^iide of potassium (Kgl^^^Cyg, 3 Aq), and 
the red prussiate of potash, or feri'idcyanide of potassium 

Liebig cvuisidcrs that these tw^o classes of salts contain two sepa- 
rate radicles, ferrocyanogen (FeCyg = Fey), and ferrideyanogen 
(Fc2Cy0= Fdey) . The first of these radicles is dibasic, the second tri- 
basic j but neither of these bodies has been obtained in a separate 
form. The hypothesis of their cxistencc,however,aflbrds a convenient 
mode of representing the composition of the double cyanides into 
which they are supposed to enter, and greatly facilitates the study 
of these salts, which are njimcrous and important. The folloii^g 
table shows the composition of some of the compounds of the 
ferrocyanogen series : — 
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Ferrocyanogen 

(hypothetical). 

,reC.N,. 

1 

1 

I 

Hydro-ferrocyanic acid 
Ferrocyanide of potassium . 
Ferrocyanide of sodium 
^Everitt’s white salt, or fer- ) 
rocyanide of potassium > 
ana iron . . . ) 

Ordinary Prussian blue 

Basic Prussian blue . 
Ferrocyanide of potassium ) 
and barium . . . ) 

Ferrocyanide of copper 
Ferrocyanide of potassium ) 
and copper . . . . j 

Ferrocyanide of lead . 

HjC.N.Fe 

KANjPe, 3 HO 
Na^CjNaFe, 12 Aq 

K C, NjFej, or 
K.C„N;Fc-, 

C,,N„Fe,, 18 HO 
C.«N,F<>,03,^n0 

KBa C.NjFe, 3 HO 
CU2C3N3FC, a;HO 
KCu C.NjFe, 2 HO 
Pb^CeN^Kc.sHO 

Ho, Fey 

1^2’ Fcy» 3 -A.q 

Na^, Fey, 12 Aq 

( KFc, Fey, or 

1 KoFey, 3 FeCy 

Fe^Fcy.,, r 8 Aq 

Ft 4 Ftya,Fe 203 ,j:Aq 
KBa, Fey, 3 Aq 

Cug, Fey, a?Aq 

KCu, Fey, 2 Aq 

Pbg, Fey, 3 Aq 


(1348) Hydro-ferroe^janic acid (H2FcCy3). — This compound was 
originally obtained by Porrett, by the decomposition of fcrrocyanide 
of potassium, by means of tartaric acid. A better plan consists in 
forming a concentrated aqueous solution of the fcrrocyanide, 
boiling it to expel the air, and then allowing it to cool in a vessel 
)rovided with a good cork to exclude air. Ether is then added, 
and an excess of hydrochloric a(;id, which has also been deprived 
of air by boiling. On agitating the mixture, chloride of potassium 
is formed and remains in solution, and white scales of hydro-ferro- 
cyanic acid are deposited; K2, FcCy3 + 2 HCl = H2peCy3-h2 KCl. 
These crystals must be washed with a mixture of alcohol and 
ether, a^d dried in vacuo over sulphuric acid. Liebig adds by 
degrees to a cold saturated solution of ferrocyanide of potassium, 
an equal volume of hydrochloric acid; the white precipitate of 
hydro-ferrocyanic acid thus obtained must be washed with hydro- 
chloric acid, dried in vaeuo upon a tile, and caused to crystallize 
from its solution in alcohol by the addition of ether. 

Hydro-ferrocyanic acid is dibasic. When exposed to the air, 
it absorbs oxygen and becomes blue : its solution, when boiled, 
evolves hydrocyanic acid and deposits a white insoluble matter 
containing both iron and cyanogen. This, body becomes blue in 
the air. It is probably a protocyanide of iron, and by exposure 
to air it absorbs oxygen, becoming converted into basic Prussian 
blue, which is a compound of sesquioxide of iron and of true Prussian 
blue ; 9 FeCy +30 = (FcyCyg + 

(1349) Ferrocyanide of Potassium, or Prmsiate of Potash 
(Kg, FeCyg, 3 Aq). — This important salt is met with in commerce 
nearly in a state of purity. It is formed when azotised matters are 
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heated to redness with carbonate of potash and iron. It is also 
formed when a protosalt of iron mixed with a solution of potash 
super, saturated with hydrocyanic acid. It is manufactured on a 
large scale by heating dried blood, horns, parings of hides, and 
other animal matters containing nitrogen, with an equal weight of 
carbonate of potash, and about one-third of their weight of iron 
filings, in a covered iron pot. ^ The carbon, nitrogen, and iron 
enter into combination with potassium, and a salt is formed which 
may be obtained from its solution, in large lemon-yellow tabular 
crystals, which dbntain 3 equivalents of water. The salt is tough, 
and splits into laminm with facility. 

The reactions by which the ferrocyanide is produced are com- 
plicated. When animal matter is heated with potash and iron, 
cyanogen is formed, which enters into combination with the potas- 
sium and the iron, forming ferrocyanide of potassium (Range). 

. A portion of this, however, is apt to be decomposed by the high 
temperature employed, and cyanide of potassium is produced. A 
variable quantity of the iron is at the same time converted into 
sulphide, owing to the action of the, sulphide of potassium (pro- 
duced by the reduction of the sulphate of potash in the pearlash) 
upon the metal. When the mass is lixiviated, the ferrocyanide of 
potassium is dissolved, and at the same time the cyanide of potas- 
sium contained in the mixture attacks both the metallic iron, and 
the sulphide of iron, becoming converted into ferrocyanide in the 
following manner:— a solution of cyanide of potassium dissolves 
metallic iron with evolution of hydrogen, potash being set at 
liberty, whilst ferrocyanide of potassium is formed; 3 KCy+ Fe4- 
H 0 = K2, FcCy3“f H + KO ; and the action of cyanide of potas- 
sium upon the protosulphidc of iron may be thus represented ; 
3 KCy-l- FeS •-= K2, FeCyg + KS. Protoxide of iron is also readily 
dissolved by the cyanide of potassium', whilst ferrocyanide of 
potassium is formed as in the previous cases ; 3 KCy + FeO 
= KgFeCyg + KO. A knowledge of these reactions explains the 
formation of the ferrocyanide during the lixiviation practised in 
the course of the manufacture. 

The iron in the ferrocyanide does not perform the part of a 
base; for when a solution ot this salt is submitted to electrolysis, 
the iron accompanies the cyanogen to the negative electrode. The 
iron cannot be thrown do^n from an aqueous solution of the $alt 
by the addition of any alkaline solution. 

Ferrocyanide of potassium is very soluble in water, but it is 
insoluble in alcohol ; the addition of a solution of potash to its 
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aqueous solution causes the separation of a portion of the salt in 
crystalline flakes. Ferrocyaiiid^ of potassium is not poisonous ; it 
has a i^aline bitterish taste. When heated to 212° it loses the.whole 
of its water of crystallization, and crumbles to a yellowish- white 
powder. When heated to redness in closed vessels it fuses, and 
at full and prolonged red heat undergoes partial decomposition, 
nitrogen being evolved, whilst cy^jnide of potassium and carbide of 
iron are formed. When heated with peroxide of manganese, 
cyanate of potash is formed (411). 

Ferrocyanide of potassium, when distilled wifti sulphuric acid, 
furnishes abundance of hydrocyanic acid ; the decomposition which 
attends the reaction has been already explained {yiote, § 408). When 
heated with coiiceptrated oil of vitriol, the salt is decomposed into 
carbonic oxide, and a mixture of the sulphates of potash, of ammo- 
nia, and of protoxide of iron (^^03). When fused with dry carbonate 
of potash the ferrocyanide furnishes a convenient source of cyanide 
of potassium (1339). Ferrocyanide of potassium is manufactured in 
large quantities for use in dyeing and calico-printing ; it produces 
a beautiful bright blue colpur, which, however, will not bear 
washing with alkaline solutions, or with soap. It is used also in 
the preparation of Prussian blue, as well as in the processes of 
electro -plating and electro-gilding. It is the source from which all 
the compounds of cyanogen are obtained. An aqueous solution of 
ferrocyanide of potassium produces characteristic precipitates with 
many of the metallic salts ; it is, consequently, extensively em- 
ployed as a qualitative test for indicating the presence of metallic 
bodies in solution. The precipitate generally consists of a ferro- 
cyanide of the metal by which the precipitate is occasioned ; 
usually the 2 equivalents of potassium in the ferrocyanide are dis- 
placed by 2 equivalents of some other metal, such as cobalt, nickel, 
copper, or lead, yielding precipitates Co2Fcy ; Ni2Fcy ; CuaFcy ; 
Pb2Pcy. These precipitates arc apt to rc^tain portions of the ferro« 
cyanide of potassium, from which it is difficult to free them even 
by long-continued washing. In a few cases i equivalent of ferro- 
cyanide of potassium combines with the ferrocyanide of the other 
metal, with which it forms an insoluble precipitate, as happens 
when a salt of baryta is precipitated ; the yellowish- white precipitate 
consisting of (BagFcy + KaFcy, 6Aq) or of (KBa, Fey, 3Aq). The 
insoluble ferrocyanides cannot be precipitated in alkaline solu- 
tions; the liquid, in all cases, should be slightly but distinctly 
acid. Many of these precipitates are white, such as those of zinc, 
cadmium, nickel, manganese, tin, lead, bismuth, antimony, silver. 
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and mercury ; with the exception of those of cadmium and man- 
ganese, they arc insoluble in dilutee hydrochloric acid. The most 
characteristic precipitates occasioned by ferrocyanide of potassium 
are the following ; — With the salts of cobalt it gives a yellowish- 
green ; with protosalts of iron a white, becoming blue ; with persalts 
of iron a deep blue ; with salts of copper a reddish-brown ; and 
with salts of uranium it also gives a brown precipitate. 

(1350) The most important of these insoluble ferrocyanides is 
the compound largely employed as a pigment under the name of 
Prussian blue (P&7Cy9, 18 HO=Fe4Fcy3, 18 Aq). Whenever ferro- 
cyanide of potassium is mixed with a soluble persalt of iron, this 
beautiful blue precipitate is produced ; 2 equivalents of the persalt, 
persulphate of iron, for example, and 3 equivalents of ferrocyanide 
of potassium undergo decomposition, so that the place of the 6 
equivalents of potassium is supplied liy 4 equivalents of iron ; sul- 
phate of potash remains in solution, whilst the Prussian blue is 
precipitated : — 

Persulphate of Iron. Ferrocy. Potass. Sulph. Potash. Prussian Blue. 

7(FeA, 3^) +1(K2,F^ = S05 + Tx, Fcyg. 

The composition of Prussian blue seems to be rather anomalous, but 
if taken , as Fe4Fcy3, it corresjionds to the sesquichloride (Fe4Cle= 
aFe^Cly), since ferrocyanogen being a dibasic radicle, it requires 
4Pe instead of 2 Fc for its saturation.* 

When large quantities of Prussian blue are required, Liebig 
recommends that 1 1 parts of crystallized protosulphate of iron be 
dissolved in water, and divided into two equal portions j one part is 
then to be mixed with 2 parts of hydrochloric acid, and chloride of 
lime is gradually to be added until the whole of the protoxide is 
converted into peroxide ; it is then to be mixed wdth the other 
portion of the solution, and a solution of^ 10 parts of ferrocyanide 
of potassium is to be added. The compound thus obtained is 
not a pure substance. It may however be prepared in a state of 
perfect purity by mixing a solution of sesquichloride of iron with 
one of hydroferrocyanic acid (Williamson). Commercial Prussian 
blue is generally contaminated with alumina, and sometimes with 


* Gerhardt and Laurent, starting from the fact that iron is capable of 
entering into combination in^two proportions, assume that it possess^tffwo 
different equivalent numbers : Fe=:28, and ferrJFe or 18*6 j and supposing 
that the portion of the iron inPrussian blue which has displaced the pOtasMUm is 
in ilie form of fe, Prussian blue becomes a compound of the same oirder as 
ferrocyanide of potassium, and may be represented by the formul^fog, Fey. 
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chalk, plaster of Paris, and starch. It always retains a portion of 
ferrocyanide of potassium. ^ 

Prussian blue, as met with in commerce, occurs in cubical or 
irregular masses of a dark blue colour, which when pressed with a 
hard body acquire a coppery lustre resembling that of indigo. It is 
insoluble in water and in weak acids, and has neither taste nor 
smell. After it has been washed with dilute hydrochloric acid, 
it may, however, be rendered soluble by triturating it with one- 
sixth of its weight of crystallized oxalic acid. When this is diluted 
with forty or fifty parts of water it forms a blue solution, which is 
used as a writing ink. Prussian blue is also soluble in a cold solu- 
tion of tartrate of ammonia. It is decomposed when treated with 
alkalies or alkaline carlionates, oxide of iron being liberated, and 
ferrocyanide of the metal remaining in solution. Oil of vitriol 
produces a white pasty mass when triturated with Prussian blue, 
but on the addition of water sulphuric acid is separated, and the 
blue pigment is reproduced. Prussian blue is decomposeil when 
heated with concentrated sulphuric, nitric, or hydrochloric acid : 
it is also decomposed by the •action of clilorine. 

Prussian blue contains water, which cannot be expelled by 
heat without decomposing the compound. If heated in the open 
air it becomes kindled on the a])])roach of an ignited body, and 
burns like tinder, leaving a residue of peroxide of iron. 

(1351) When protosalts of iron are mixed with a solution of 
ferrocyanide of potassium a greenish wliitc precipitate is formed, 
which appears to be the same as Everitt^s white salt (408), and 
tnay be regarded as a compound of cyanide of iron and ferrocyanide 
of potassium ; 2 (K2, EeC V;/) 4* 2 FeCI ~ ( K3, rcCy3 + 3 l^cCy ) -f 2 KCl. 
When this white substance is exposed to the air the cyanide of iron 
becomes oxidized and turns blue, and a compound is formed termed 
soluble or basic Prussian blue; it consists of one equivalent of 
sesquioxide of iron combined with one equivalent of Prussian blue: 
the ferrocyanide of potassium originally present in the white com- 
pound may then be washed away. The change which occurs 
is probably the following, neglecting the ferrocyanide of potassium 
of the precipitate, as it is not affected; 9 FeCy -403 = (FcyCvQ 
•fFe^Oa). Basic Prussian blue is soluble in pure water, but is pre- 
cipitated on adding a saline solution : a strong acid removes the ses- 
quioxide of iron from it, and converts it feito ordinary Prussian blue. 

(1352) FBRKiDCYANibEs. — Ferxtdcyanide of Potassium, or Red 
Prussiate of Potash {K3, FegCye). — When a current of chlorine gas is 
passed through a dilute solution of ferrocyanide of potassium, the 

PART III. Q Q 
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liquid quickly changes colour, and becomes of a deep red. If the 
current of the gas be arrested so spon as the liquid ceases to give a 
blue precipitate with the persalts of iron, the solution on evapora- 
tion yields magnificent ruby-red crystals of ferrideyanide of potas- 
sium, In this process the reaction which occurs is the following : 
2 (K 2 , FeCya) -f- Cl = (Kg, FcgCye) -f KCl. The chlorine acts by 
withdrawing one-fourth of the potassium contained in the yellow 
salt ; chloride and ferrideyanide of potassium being the result. 
The ferrideyanide may be obtained by a second crystallization in 
transparent anhydrous right-rhombic prisms of a beautiful red 
colour ; and if the operation be performed on a large scale these 
crystals often attain a large size. If the action of the chlorine upon 
the fcrrocyaiiidc of potassium be too long continued, the red salt 
is in its turn partially decomposed, and a green compound is formed 
which interferes with the^iS^tallization of the red salt. This green 
compound, according to the analysis of Pclouzc, may be repre- 
sented by the formula (FeCy, Fe^Cyg, 4 Aq), or it is the magnetic 
cyanide corresponding to the magnetic oxide of iron. Ferridcya- 
iiide of potassium is prepared on the large scale for the use of the 
calico printer ; but it is then generally obtained by decomposing 
the solid yellow salt by exposing it to the action of a current of 
chlorine gas. Ferrideyanide of potassium may also be obtained 
in small quantities by decomposing a solution of the yellow ferro- 
cyauide by means of the voltaic battery in a diaphragm cell (867) ; 
it is formed in the solution at the positive electrode. It may also 
be obtained by acting upon the yellow prussiate by various 
oxidizing agents. 

A solution of ferrideyanide of potassium when mixed with 
an excess of potash furnishes a liquid possessed of considerable 
oxidizing power; it converts the hydrated protoxides of man- 
ganese, lead, and tin into peroxides of these metals, whilst the 
ferrideyanide passes into the condition of" ferrocyanide of potas- 
sium ; Kg, Fe^Cvc, + 2 KO -f- MnO, SO3 = 2 (Kg, FeCyg) + 
KO, SO3 + MnOg. The same solution is employed by the calico 
printer for the purpose of discharging the blue colour of indigo 
from calico (Mercer.) Tlic red prussiate bums with spintillation 
when introduced into the flame of a candle. Ferrideyanide of 
potassium produces a large number of insoluble compounds when 
mixed with the salts of matiiy of the metals ; and as the colours of 
these precipitates are often characteristic, this salt is frequently 
employed in the laboratory as a qualitative test for the metals. 
With salts of zinc it gives an orange precipitate, with those of 
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cadmium a yellow^ -with nickel a yellowish green, with cohalt a dark 
reddish brown, with copper a yellowish green, wdth protosalts of iron 
a brilliant blue, with manganese a brown, with protosalts of tin a 
white, with silver an orange, and with subsalts of mereiiry a brown- 
ish red. These precipitates, with the exception of those with 
zinc and tin, are insoluble in dilute hydrochloric acid. The fol- 
lowing table exhibits the composition of sonie of tlie ferrideya- 
nidcs : — 


Femdeyanogen (hypotlic- 

tical) 

Hydroferridcyanic acid . 
Forridcyaiiidc of potassium 
Ferridcyanide of sodium . 
Ferridcyanide of sodium ) 
and potassium . j 
Ferridcyanide of potas- ) 
Siam and barium . ] 

Ferridcyanide of iron ) 
(Turnbull’s blue) . ] 


kaCi^NgFea 

Ka 3 C,,N,Fe 2 . 2 HO 

12IIO 

KB.^i,NeFe„lgg| 
Cj^NeFo^, :rHO 


Fdcy 
M.„ Fdcy 
K3, Fdcy 
Niig, Fdcy, 2 Aq 

T^Mcy,Na3Fdcy, i2Aq 
Fdcy, 6 Aq 
Fcy, Fdcy, a-Aq 


Ferridcyanide of potassium gives no precij)itate in the solutions 
of the i)crsalts of iron, but a splendid blue when mixed with those 
of the protosalts. It is a very delicate test for protoxide of iron 
when in solution. If protosiil])hatc of iron be employed, the change 
which occurs is the following; K3Fdcy -f 3 (FeO, SO-j) = Fcg, 
Fdcy + 3 (IvO, SO3). The precipitate which is thus formed con- 
stitutes a highly valued and brilliant variety of Prussian blue, 
commercially known as Turnbull's Blue. TurnbulFs blue may be 
distinguished from ordinary Prussian blue by the action of a solu- 
tion of potash upon it, which decomposes it into ferrocyanide of 
potassium and magnetic oxide of iion, whilst the ordinary blue 
when similarly treated yields sesquioxide of iron. 

Williamson finds that when EveritPs white salt (KFe, Fey) is 
treated with chlorine or with nitric acid it is decomposed, and a blue 
salt is formed (KFca, FcaCyg) corresponding in composition to Turn- 
bulPs blue, but containing an equivalent of potassium in the place of 
one of the equivalents of iron. The formation of this substance is 
best effected by boiling the white precipitate with nitric acid, 
diluted with twenty parts of water; as the liquid approaches the 
boiling point a copious evolution of binoxide of nitrogen occurs : two 
equivalents of the white salt lose one equivalent of potassium, and 
tlie ferridcyanide of potassium and iron is*formed. Care is required 
to prevent the action of the acid from proceeding too far, other- 
wise the compound acquires a green colour, owing to the formation 
of Pelonze^s magnetic cyanide of iron. 

Q Q 2 
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When this blue compound is treated with a solution of the ferro- 
cyanide of potassium^ it is reconverted into the original white 
compound, and pure ferrideyanide of potassium is obtained in the 
liquid, two equivalents of the yellow salt losing an equivalent of 
potassium, which is transferred to the blue compound ; KFe2, 

'Po.Cye + (K2, FcCy3) = 2 (KFe, FeCya) + K3, Fe^Cye- 

Prom the foregoing statements it will be seen that several 
different blue compounds containing iron and cyanogen may be 
procured. The -composition of these bodies may be thus repre- 
sented : — 


Ordinary Prussian blue 
Basic or soluble ditto 


. FcyOyg, 18 Aq = Fe^, Fcyg, 18 Aq 
. FeyCyg, FegOi,, xAq = Fe^, Fcy^, Fco^^ 
Turnbull’s blue, or ferrideyanide ) q . 

of iron j r. j 6* 4. 


= Fcg, Fdcy, jjAq 


Williani8on-sbluc.orfytidcy^nido pe.KCy., ^Aq = Fe,K. Fdcy, x Aq 
or iron and pota8siuni^|||||||||^ ) * ^ 2 ^ j 1 


Hydroferridcyanic Acid (H3, Fdcy). — Tliis compound may be 
obtained in red crystals, by evaporation of the liquid in which fer- 
rideyanide of lead has been decomposed by means of a current of 
sulphuretted hydiogcn. 

(13 53) Nitro-prussides. — AVhen binoxideof nitrogen is trans- 
mitted through a solution of hydroferridcyanic acid, it is absorbed, 
hydrocyanic acid is disengaged, and a new acid, hydronitro- 
prussic acid, is formed : — 


Hydroferridcyanic Acid. Hydronitro-prussic Acid. 

^ A ^ ^ A. ^ 

H,,¥v.,Cy, + NO, = H,, Fc,Cy6NO, + HCy.* 

This acid may be ojjtained in crystals with z Aq. 

The nitro-prussides arc, however, usually procured by the fol- 
lowing process, recommended by Playfair, by whom these salts 
were discovered {Phil. Trans., 1849, p. 481) : — 

(^ommou nitric acid is to be diluted with an equal bulk of 
water, and when cold, powdered ferrocyanide of potassium is to be 
added in the proportion of 270 parts of the anhydrous acid (5 
equivalents), to 422 parts (2 equivalents) of the ferrocyanide. The 
mixture gradually assumes a browui colour, giving off cyanogen and 
hydrocyanic acid with brisk effervescence, and the salt is dissolved, 
forming a mixture of ferrideyanide and nitro-prussidc of potassium, 
with nitrate of potash : heat must be applied gradually to the solution 
by means of a w ater-bath, rpitil gas ceases to be evolved, and the liquid, 
instead of giving a blue precipitate with a protosalt of iron, pro- 
duces a dark green or slate-coloured precipitate. It must then be 


^ Playfair deduced a more complicated formula from his analysis, but 
suggested the one here adopted, v^hich Kyd has shown to be corrects 
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allowed to cool, by which means a large quantity of nitrate of 
potash, mixed with a small proportion of oxarnide will be sepa- 
rated. The strongly-coloured mother liquor must next be iieutifalized 
with carbonate of potash or carbonate of soda, by which a greenish 
brown precipitate is caused; and the liquid, after filtration, must 
be evaporated and allowed to crystallize. The soda salt crystallizes 
more readily than the nitro-prusside of potassium, which is some- 
wiiat deliquescent, although an anhydrous salt. 

Witro-prusside of Sodium (Na.^, Fe2Cy5N02, 4 Aq). — This salt 
crystallizes in fine prisms of a ruby-red colour, which require about 
2^ parts of cold water for solution. Its solution is decomposed by 
exposure in the suii^s rays, Prussian blue being deposited, whilst 
binoxide of nitrogen escapes. Nitro-prusside of Barium (Ba2, 
Fe2Cy5N02, 6 Aq) crystallizes in fine octohedra of a dark red colour. 

The nitro-prussidcs give a pale green ’ precipitate with salts of 
coppcr,*and a ficsh-coloured precipitate with those of silver. With 
salts of zinc a salmon-coloured precipitate is produced ; with salts 
of nickel, a dirty white ; with salts of cobalt, a ficsh-coloured pre- 
cipitate ; and with protosalts ©f iron, a salmon-coloured precipitate 
is formed. The persalts of iron, and the salts of lead, of mercury, 
and of tin, give no precipitates with the nitro-prussides. Chlorine 
is without etie.ct upon solutions of the nitro-prussides, but they are 
decomposed when boiled with the alkalies, and the solution becomes 
orange-coloured. Sulphuretted hydrogen also decomposes them. 
The most delicate and characteristic test for the nitro-prussidcs is 
the production of a magnilicent purple colour when mixed with 
solutions of the alkaline sulphides. This ►coloration is extremely 
intense, and may be employed to indicate very minute traces cither 
of a soluble sulphide or of a nitro-pi usside. The colour, however, 
speedily disappears. It appears to be due to the formation of a 
double salt of the nitro-prusside with the sulphide of the alkaline 
metal. 

(1354) CoBALTiCYANiDEs. — Whcu cvauide of potassium is 
added to a salt of cobalt, it gives a reddish brown precipitate 
(CoCy), which is soluble in excess of cyanide of potassium. The 
double cyanide of cobalt and potassium (KCy, CoCy) thus ob- 
tained is decomposed on the addition of hydrochloric acid, and 
the cyanide of cobalt is reprecipitated; but if, previously to the 
addition of Hydrochloric acid, it be cxpoi^ed to the air, it absorbs 
oxygen, and cobalticyanide of potassium is produced ; — 

2 (CoCy, KCy) + 2 KCy + O = K3, Co^Cye + KO. 

After this change lias occui’red, the addition of hydrochloric acid 
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causes no precipitate. The cobalticyanicle of potassium corresponds 
in composition to the ferrideyanide of the same metal. A hydro- 
cobalticyanic acid (H3, Co2Cy6) may be obtained by decomposing 
cobalticyanide of copper with sulphuretted hydrogen. 

Cobalticyanide of Potassium (Kg, Co^Cyg). — This salt was dis- 
covered by Gmelin. It crystallizes in yellowish flattened prisms^ 
which arc anhydrous, and isomorphous with those of ferrideyanide 
of potassium. It is sparingly soluble in water. This salt may be 
obtained either by dissolving cyanide of cobalt in an excess of 
cyanide of potassium, and exposing it to the air ; or by dissolving 
hydrated oxide of cobalt by the aid of a gentle heat in a solution 
of potash, supersaturated with hydrocyanic acid ; in the latter case 
hydrogen is evolved, owing to the following reaction : — 

a (CoCy, KCy) + KCy + HCy = K3, Co^Cyg + IL 

The coiTcsponding salt of sodium (Nag, CogCyg, 4 Aq)«crystal- 
lizes ill long, transparent, colourless needles ; that of baryta in 
prisms with 6 Aq. Solutions of these cohalticyanidcs occasion 
precipitates in a large number of metallic salts. Cobalticyanide 
of zinc is white ; that of nickel is gelatinous, and of a pale blue \ 
that of cobalt is of a pale red ; that of coi)pcr, of a pale blue ; 
those of the protoxide of iron, manganese, and tin, and those of 
silver and of suboxidc of mercury, are white : salts of lead give no 
precipitate with the soluble cobalticyanides. 

(1355) Cn ROM iCYAN IDES. — Salts of the green oxide of chro- 
mium yield with cyanide of potassium a pale bluish grey preci- 
pitate (CrgCyg), which is not soluble in excess of cyanide of 
potassium ; but if a mixture of hydrated oxide of chromium, 
with a solution of potash and an excess of hydrocyanic acid, be 
exposed io the air, the liquid acquires a reddish brown colour, 
and a ehromicyanide of ] potassium is formed (Beckmann), cor- 
responding to the ferrid cyanides and cobalticyanides. These 
salts arc of small importance, and have been but little ex- 
amined : the chromicyardde of potassium (Kg, CrgCyg) forms 
brownish red anhydrous prisms ; its solution precipitates nitrate of 
silver, white ; salts of cobalt, blue ; and the protosalts of iron, of a 
brick red : but it gives no precipitate with persalts of iron, or w ith 
nitrate of lead. 

(1356) Platinocyanides. — Gmelin ascertained that platinum 
is capable of entering into combination witli cyanogen, and forming 
a series of double cyanides ; these compounds are analogous to the 
foregoing, but their comp#sitiou differs from that of any of the 
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preceding series : for example, the following formulae represent a 
few of the platino-cyanidcs : — ^ 

Hydroplatino-cyanic acid . . , H, PtCy2. 

Platino-cyanide of potassium . . K, PtCya, 3 Aq. 

Platino-cyanide of cuprammonium . (CuHy, N), PtCy2, Aq. 

Platino-cyanide of Potassium may be formed cither by dis- 
solving protochloride of platinum in a solution of cyanide of 
potassium ; or by fusing ferrocyanidc of 2)otassium with spongy 
platinum ; or by heating a concentrated solutiop of bichloride of 
platinum with an excess of cyanide of potassium. This beauti- 
ful salt forms long transparent rliombic prisms, which are yellow 
by transmitted, and blue by reflected light : it is very soluble in 
water, and more sparingly so in alcohol and ether. Platino- 
cyanide of magnesium is a beautiful salt which crystallizes in 
rosettes from its solution in a mixture of alcohol and ether ; these 
crystals form square prisms, and exhibit various shades of crimson, 
of green, and of blue; they arc very soluble in water, and the 
solution is nearly colourless. The most characteristic test of the 
platino-cyanidcs is the forrflation of a beautiful blue precipitate 
when a platino-cyanide is added to a solution of subnitrate of 
mercury in excess ; but if the platino-cyanide be in excess 
the precipitate is white. A double salt of copper and ammonia 
[(CuHg, N) PtCy2, Aq] is obtained by adding platino-cyanide of 
potassium to an ammoniacal solution of nitrate of copper : in the 
course of a few hours the salt is deposited in dark blue needles. 

(1357) The Platinic-cyanide (sesquiplatino-cyanide) of Potassium 
(K2, PtaCyg, 6 Aq) is another very beautiful salt which crystallizes in 
prisms of a coppery lustre when viewed by reflected light, but they 
appear green by transmitted liglit ; its solution, however, is 
colourless. This salt is easily decomposed by a moderate heat ; 
when dissolved in water it produces a white precipitate with salts 
of silver and of red oxide of mercury, a blue with the subsalts of 
mercury, and a greenish-blue with salts of copper. Sesquiplatino- 
cyanide of potassium is obtained by transmitting chlorine through 
a saturated solution of the platino-cyanide of potassium (K, PtCy^) 
when the liquid becomes filled with crystalline needles of the new 
salt. It must be purified by pressure between folds of blotting- 
paper, and recrystallized from a very small quantity of boiling 
water acidulated with hydrochloric aetd. An excess of potash 
reconverts it into the platino-cyanide. For further details respect- 
ing the platiuo-cyanides, see Knop, Liebig^s AnnaL xliii, 1 1 1 ; 
and Quadrat, ih, Ixiii. 164, and Ixx. 300. 
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(1358) Iridium yields an iridio-cyanide of potassium (K, IrCy 2 ) 
analogous to the platiiio-cyauide. It forms colourless cry stals, and 
is characterized by giving a deep indigo precipitate with the per- 
salts of iron. 

It appears from the foregoing statements, that cyanogen has a 
strong tendency to produce with several of the metals, electro- 
negative compounds, which form with hydrogen a series of well- 
marked acids. The number of equivalents of metal, which is 
united with the cyanogen to constitute the radicles of these acids, 
varies with the nature of the metal; four different classes of 
these hydro-acids arc known, some being monobasic, others 
dibasic, and others tribasic; the composition of their salts with 
potassium is exhibited as follow's ; — 


I. 

r Platino-cyaiiide of potassium . 
Iridio-cyanidc of potassium . 

K, Pt Cv, 
K, Ir Cva 

2. 

Platinic- cyanide of potassium . 

K3,rt.Cys 

3- 

Ferrocyanide of potassium 

K„Fc Cys 

4- 

r Ferridcyanide of potassium. 
Cobalticyanidc of potassium . 

KgjFcaCyg 

KsjCojjCyg 


L Chromicyanide of potassium . 

Kg.CraCyg 


(1359) SuLPHocYANiDES. — When cyanide of potassium is fused 
w'ith suliihur, or even when a solution of the cyanide is boiled 
with dowsers of sulphur, the two bodies enter into combination, and 
a new compound (K,ryS2) is formed : this compound is also readily 
prepared by calcining in a covered crucible at a dull red heat an 
intimate mixture of 3 parts of anhydrous ferrocyanide of potassium, 
2 of flowers of sulphur, and 1 part of carbonate of potash. The 
melted mass when cold must be treated with boiling water, and 
the filtered liquid evaporated ; on cooling, striated prismatic 
crystals of snlphocyanide of potassium wull be deposited : the 
salt may be obtained pure by recrystallization from alcohol. 
In this operation cyanide of potassium is first formed, whilst 
metallic iron is separated; the latter is converted partially into 
sul})hide of iron, and the cyanide of potassium into snlphocyanide, 
wdiich is separated from the iron by solution in water. 

Sulphocyanide of Pofnsmim (K, CySg) is anhydrous but very 
deliquescent. It resembles nitre in ap})carance and in taste ; it is 
not poisonous. Boiling Alcohol dissolves it abundantly : it fuses 
on^the application of heat. This salt is commonly supposed to 
contain a particular monobasic radicle to which the name of sulpho-^ 
cyanogen (CySg = Scy) has been given. The radicle is, however, 
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not known in a separate condition, but it forms an acid compound 
with hydrogen, and yields numerous well-marked salts. Some 
chemists prefer to regard the sulphocyanides as representatives of 
the cyanates, in which the oxygen of the latter salts has had its 
place supplied by sulphur ; and the decomposition of hydrosulplio- 
cyanic acid by the aid of heat and acids resembles that of cyanic 
acid under similar circumstances i — 

Ilydrosulphocy. Acid. 

> - 

2 (H, C,NS,) + 4 HO = 2 CO2 + a CS, + 2 II3N ; 

Cyanic Acid. 

^(H, c,no 7) + 4 no = 2 2 CO2 4- 2 1I3N. 

Sulpliocyanide of ammonium would then correspond to a sulphu- 
retted urea, as cyanate of ammonia docs to ordinary urea. The 
following table represents both views : — 


Hydrosulplio(?yunic acid . . 

ns. CyS 

H, Scy * 

Sulpliocyanide of potassium . 

KS, OyS 

K, Scy 

Sulpliocyanide of sodium 

NaS, CyS 

i^a, Scy 

Suhihocyanido of ammonium 

H4NS, CyS 

II4N, Scy 

Sulpliocyanide of calcium . 

CaS, CyS, 3 HO 

Ca, Scy, 3A(] 

Sulpliocyanide of copper . . 

CuS, CyS 

Cu, Scy 

j JJisuiphocyaiiide of copper . 

CuoS, C’yS 

Cuj. Scy 

1 Sulpliocyanide of lead . . 

PbS, CyS 

I’bl Scy 

Sulpliocyanide of silver aud ) i 
of potassium . . . . ) 

AgS,CyS-l-KS,CyS 

Ag,Scy+K,Scy 

Sulpliocyanide of mercury ) ! 
and of potassium ... ) i 

HgS,CyS-hKS,CyS 

Hg,Scy+K,Scy 

Disulpliocyanide of mercury j 

ng,S. CyS 

Ilgj, Scy 


The view which admits the existence of suljdiocyanogen as tlie 
salt-radicle of these compoundF is the one wliicdi is generally 
adopted, and since it renders a simple and satisfactory account of 
the metamorphoses to vvhich the sulphocyanides arc subject, it will 
be made use of here. 

• The sulphocyanides of sodium and of ammonium are anhy- 
drous and deliquescent. Small quantities of one of these salts 
exists in the saliva of man and of the sheep. The majority of 
the sulphocyanides are soluble both in water and in alcohol ; 
their most characteristic property is the production of an intense 
blood-red colour when their solutions are mixed with those of the 
persalts of iron : if the red liquid tln*s formed be acidulated with 
hydrochloric acid, and fragments of zinc be added, sulphuretted 
hydrogen is disengaged, and the colour disappears. The p^sul- 
phocyanide of iron does not form crystals. Sulpliocyanide of 
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lead is sparingly soluble ; it is slowly deposited in brilliant anhy- 
drous crystals when solutions of acetate of lead and sulphocyanide 
of potassium are mixed. Subacetate of lead gives a wliite precipitate 
with the soluble sulphocyanides. The snlphocyanides also give a 
white precipitate (Cu2, CyS^) when added to a mixture of a proto- 
salt of iron with a salt of copper : with the salts of suboxide of 
mercury, of silver, and of gold, they produce white precipitates. 

(J360) Htjdrosulphocyanic acid (H, CyS^). — When dry subsul- 
phocyaniclc of mercury (Hg3, CyS2) is decomposed by exposure to a 
current of sulpliuretted hydrogen, sulphide of mercury is produced, 
and a colourless oily liquid is formed ; it consists of hydrosulpho^ 
cyanic acid. This acid crystallizes into a radiated mass at 10°. It 
boils and may be distilled at a 16°. Its odour is pungent and 
resembles that of acetic acid. It is a dangerous poison and has a 
strongly acid taste. In its concentrated form it soon undergoes 
decomposition into hydrocyanic acid and hvdropersulphocyanic acid. 
(H2,Cy2S,) : 3 (II, CyS.^) = IlCy + H'J Cy^S,, 

Hydrosulphocyanic acid may be obtained in solution by suspend- 
ing the sulphocyanides of copper, of mercury, or of silver in water, 
and decomposing them by means of a current of sulphuretted hydro- 
gen. When its diluted solutions arc boiled, it gradually undergoes 
decomposition, ammonia, bisulphide of carbon, and carbonic acid 
being formed. If it be in a more concentrated form it is resolved 
into hydrocyanic and hydropcrsulphocyaiiic acid ; and these changes 
occur more quickly in the presence of other acids. 

Solutions of livdro^ulphocyamc acid, and of the sulphocyanides 
arc decomposed by the action of iiifric acid and of chlorine, a bright 
yellow precipitate being occasioned, which was formerly supposed 
to ])c sulpliocyanogen (CySa) ; the composition of this precipitate, 
however, is not known with certainty, but it has been found to 
contain hydrogen as well as sulphur and cyanogen : it is soluble in 
a solution ot })otash, W^hen this substance is exposed to a strong 
heat in a retort, it gives off bisulphide of carbon and sulphur, land 
an orange yellow residue is left, consisting of carbon and nitrogen 
only : this residue bears a dull red heat without decomposition, and 
constitutes Liebig^s (rude mellon, ('igNjg; but if the temperature be 
raised still further it is converted into a mixture of 3 volumes of 
cyanogen and i volume of nitrogen. 

If a saturated solution ©f sulphocyanide of potassium be mixed 
with 8 or 10 times its weight of concentrated hydrochloric acid it 
is decomposed, hydrocyanic acid is evolved, and the solution 
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becomes semi-solid from the^ separation of hydropermlphocyanic 
acid (Hg, CygSg) in crystalline needles. These crystals are sparingly 
* soluble even in boiling water, and as the solution cools it deposits 
the acid in beautiful orange-coloured needles. 

(1361) Mellon (C18N13; Liebig). — This anomalous compound 
was originally supposed by Liebig to contain but he has 

recently repeated and varied lys experiments upon it, and has 
altered its formula as above. Mellon is not known in an isolated 
form in a state of purity, but it constitutes the principal portion 
of the solid residue obtained by heating jthc yellow precipitate 
occasioned by chlorine in solutions of the sulphocyanidcs. Mellon 
appears to be a tri basic radicle, which forms with hydrogen an 
acid termed hydromellonic acid (H3, ; this latter is an 

unstable compound whicli yields three salts with potassium ; a 
neutral mcllonide, K3, CiyNig, 10 Aq; a soluble acid nicllonidc, K.^IT, 
6 Aq; and an insoluble acid mellonidc, KIL, C]8Ni3. The 
neutral rnellonide is usually formed as a secondary product during 
the preparation of sulphocyanide of potassium ; but it is more 
plentifully obtained by fusing 3 parts of pure sulphocyanide of 
potassium, and gradually adding about one part of crude mcllon ; 
it is very soluble in hot water, from which it crystallizes on cooling 
with 10 Aq. Its solution has an intensely bitter taste. A solu- 
tion of mcllonide of potassium produces white insoluble mcllonidcs 
when mixed with solutions of nitrate of silver, of coi’rosive sublim- 
ate, and of acetate of lead. 

When mellonidc of potassium is boiled with an excess of 
potash it is decomposed, and a new tribasic acid, the cyamelunc 
(3 HO, C12N7O3) is formed : various other compounds are also ob- 
tained by its decomposition ; for details regarding which the 
reader is referred to Liebig^s paper (Liebig's AnnaL xcv. 257). 

(1362) Melam . — When sulphocyanide of ammonium is sub- 
mitted to distillation it undergoes decomposition, and yields a 
mixture of bisulphide of carbon, sulphuretted hydrogen, and am- 
monia, whilst there remains in the retort a grey insoluble residue, 
which Liebig has called melam (Ci^H^Nn, Liebig ; or CgllgNj., 
Gerhardt ; calculating from VoelckcFs analysis) : — 

Sxdpliooyan. Ammon, Melam. 

8 (H^N, CjNSa) = 4 eSj + 8 H8 + 5 

The same substauce may be procured by heating an intimate 
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mixture of equal parts of sulphocyaiiide of potassium and sal-am- 
moniac. In this process chloride of potassium and sulphocyaiiide 
of amrponium are formed^ and the sulphocyaiiide is decomposed* 
by the high temperature as before, leaving melara, from which the 
chloride of potassium may be removed by washing. 

Melam is a greyish-white granular powder, insoluble in cold 
water, and in alcohol and ethey. Boiling water dissolves it 
sparingly, and deposits it in the forrh of a white voluminous 
powder. AVhen boiled with a solution of potash it is dissolved, 
and a series of compounds are formed, all of which are closely 
related. The first of these bodies has been, called melamine 
(CfilleNg). It is possessed of basic powers, and is deposited in 
brilliant, colourless, rhombic octohedra ; it forms crystallizable salts. 
A solution of melamine precipitates the oxides of zinc, of iron, of 
manganese, and of copper from their salts ; with nitrate of silver it 
gives a white crystalline precipitate (AgO, Cgll^jNe, NO5). Mela- 
mine is polymeric with cyanamidc (1366). If the mother liquid 
from which the melamine has been deposited be neutralized w ith 
acetic acid, a voluminous white precipitate of ammeline ((^(jII^NgOg) 
is produced : this substance is a feeble base, which formS a crys- 
tallizable salt w ith nitric acid. 

When niclamiiie or ammeline is dissolved in strong sul- 
phuric acid, or when melam is treated with hot nitric acid, and 
the solution is diluted with twice its bulk of water, and then with 
alcohol, a while powder ternu'd ammelid (Ci2HyN90(5) is precipitated. 
It is insoluble in wati r, ljut is easily soluble, by the aid of heat, 
in solutions cf ])()tash and of ammonia. When cither melam, me- 
lamine, ammeline, or ammelid is dissolved in concentrated sul- 
phuric acid, and maintained at a temperature just short of boiling 
for two or three days, until on dilution it ceases to give a pre- 
cipitate when neutralized with ammonia, it undergoes a change, in 
consequence of w hich ammonia is removed, and the elements of 
w^ater are assimilated • and on evaporating the hquid, cyanuric 
acid (3 HO, is obtained in crystals. In fact, melamine, 

ammeline, and arnuielid, may be vicw(*d as amidated derivatives of 
cyanuric acid, although they luuc not as yet been obtained 
directly by acting upon the c*»mpounds of cyanuric acid with 
ammonia. Two other bodies of acid character, viz., the mela^ 
nuric^ and cyameluric acid«, also belong to the same group, as 


* Melanuric acid is obtained hy heating urea beyond its point effusion : 
4(C\TI,N,0,) = CblJ.N.O^ + 4 
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may be seen by the following equations, which illustrate the rela- 
tions of composition which they all bear to cyanuric acid : — 

• Cyanuric Acid. 

Melamine . . €« HgNe = 3 IIO, +3 H^N — 6 HO 

Ammeline . . C„ Il5NsOa= 3 HO, CsNsOa +2 H^N — 4 110 

Melanuric acid Cg H4N40;t= 3 110 , CgNsOj + H3N — 2 HO 
Arnmelid . . Ci2H,,N«Og= 2(g HO, CeNgO's) + 3 H3N — 6 110 

Cyameluric acid Ci2H3N70g=2{3 110 , CgNaOg) + H3N — 6 HO. 

The formation of melamine and of ammclijic from mclam is 
readily cxplain*d, since 

Meljim. MelaTOine. AinTnoline. 

'^HgN^ + 2HO = Cjfg'Ng + 

(1363) Cyanuric Acid (3 HO, C^NyOa, 4 Aq). — This poly- 
meride of cyanic acid may be obtained in various ways. 1. By 
the action of sulphuric acid upon melam or its derivatives, as just 
described. 2. By the action of a current of dry chlorine upon 
fused urea ; sal-ammoniac, nitrogen, and hydrochloric acid, are thus 
produced, and cyanuric aci(\ is formed in abundance : the sal-am- 
moniac miay l)c removed by washing with cold water, and the 
cyanuric acid may be crystallized from boiling w^atcr. 3. By de- 
composing hydrochloratc of urea by heat : if the compound formed 
by transmitting dry hydrochloric acid gas over powdered urea be 
heated to 293° in an oil bath, rapid decomposition occurs, sal-am- 
moniac is sublimed, and pure cyanuric acid may be obtained 
by crystallizing the residue from boiling water; 3 (C2II1N2O2, 
HCl) = 3 (li,NCl) + (3 HO, C^NaO^). 4. By heating urea 
beyond its fusing point until it lias become converted into a dry 
greyish mass, resembling arnmelid in ajipearance and properties : 
when this residue, wliicli consists of melanuric acid (CqH^N^jOi,), 
is dissolved in hot oil of vitriol, to which a small quantity of nitric 
acid has been added for the purpose of removing the colour, 
cyanuric acid is deposited on diluting the liquid moderately with 
water. 5. By the destructive distillation of uric acid ; cyanuric 
acid being one of the products obtained in this operation. 

Cyanuric acid is deposited from its aqueous solution in colour- 
less rhombic prisms, which are efflorescent. It is sparingly soluble 
in cold water, more freely so in boiling water, and is also some- 
what soluble in boiling alcohol. When crystallized from hot 
hydrochloric or nitric acid, it is deposited in square-based anhydrous 
octohedra. By long boiling with the concentrated acids it is de- 
composed into carbonic acid and ammonia. When crystallized 
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cyaiiuric acid is distilled, it is converted into hydrated cyanic acid, 
and this hydrate in a few minutes begins to undergo a spontaneous 
change into the white insoluble compound known as cyamelid (411), 
while the temperature rises spontaneously, owing to the solidifica- 
tion of the mass. 

Cyanuric acid is generally considered to be tribasic ;* its salts 
with lead and with silver contain 3 equivalents of a metallic oxide. 
Most of the cyaiiurates are sparingly soluble in water. Those of the 
alkalies and of the alkaline earths contain only two equivalents of 
fixed base. An acid cyanuratc of ammonia (ri4NO^ HO, 

-f 2 Aq) may be obtained in brilliant efflorescent prisms ; and an acid 
cyanunitc oi potash (KO, 2 HO, CgN303) is deposited in anhydrous 
cubes, when acetic acid is added in small quantities at a time to a 
solution of cyanate of potash, three equivalents of cyanic acid 
coalescing to form one equivalent of the polymeric cyanuric acid : — 

Cyanate of Potash. Acetic Acid. Acetate of Potsisb. Cyanurate of Potash. 

2TnoXH.03)==2'(Ko7cjI^03) + K 0 rrH^\N 303 .' 
When a solution of a salt of copper, after being saturated with 
ammonia, is mixed Avith a solution of cj^anuric acid, a characteristic 
violet preeiijitate, which is insoluble in cold water, is formed. 
Cyanuratc of silver (Ag303Ct.N303) is white, and insoluble in water, 
but soluble in dilute nitric acid, A cyanurate of silver, 2 AgO, 
110, CtjNaOa, may also be obtained. 

(1364) Isomerides of Cyanuric acid , — Sometimes during the 
preparation of cyanuric acid, by boiling crude mellon (1361) with 
nitric acid, crystals of an acid isomeric with the cyanuric are 
formed. It crystallizes in long oblique rhoml)oidal prisms Avhich 
arc efflorescent : it resembles cyanuric acid, but is distinguished 
from the latter by its greater solubility ; Liebig terms it cyanilic 
acid. 

Fulminuric or Isocyanuric acid, (IIO, Ct.N3H20-J. — This is an 
acid recently discovered about the same time by Liebig and by 
Schischkoff. Hydrated fulminuric acid contains the same ele- 
ments as the hydrated cyanuric, but it is a monobasic acid, the 
elements of 2 equivalents of water being united with those of 3 of 
cyanogen and with oxygen to form the acid. The salts of fulmi- 
nuric acid are obtained by boiling one of the fulminates, such 
as fulminate of mercury, xvith a solution of one of the soluble 
chlorides. When fulminate ctf mercury is thus boiled with chloride 

* Wohler regards cyanuric acid as dibasic, and considers that i equiva- 
lent of v ater enters into the composition of the acid, (Liebig’s Annul, 
Ixii. 241.) 
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of potassium, it is gradually dissolved, and yellow oxide of mercury 
is separated during the first part of th^ operation, the liquid 
appears turbid, but as soon as tHis appearance ceases it is fiUered, 
and oil being evaporated it yields brilliant crystals of fulminuratc 
of potash. The decomposition may be thus represented : — 


Fulminate of Mercury. 


Fulminuratc of Potash. 

4- 4 no 4-*2 e:ci 

+ 4ngO -f 2HgCi. 


In short, the elements of 3 equivalents of fulmiiiic acid become 
condensed and fiirm 2 equivalents of fulmiimric acid. The fiil- 
rninurates crystallize with great facility; they possess a high lustre 
and exci’t a great dispersive jiower on light ; they are decomposed 
by heat with a feeble explosion. 

It thus appears (supposing fulminic acid to be capable of 
existing in the form of a hydrate) that not less than 6 compounds 
polymeric with cyanuric acid might be produced, viz. : — 


Cyaimric acid . . 

Cyanilic acid . . 

Fulminuric acid . C(.M3N:,Ot. 

rulminic acid . . C^IIgNaO^ 

Cyanic acid . . ('2H N O2 

Cyamclid . . . 02!! N O2 


3 Cg^3^3 

3 110, 

110, Cell 2 N 30 , 
2 no, C4N2O2 
HO, CgN O 
IlN, C2O2 


It is a remarkable peculiarity of cyanogen both when free and 
when in combination, that it cxhiliits a strong tendency to form new 
compounds by coiidenscation ; thus paracyaiiogeii is formed by tlie 
condensation of several molecules of cyanogen into a single more 
complex molecule : in like manner the liquid and solid chlorides 
of cyanogen arc produced by the condensation of several mole- 
cules of the gaseous chloride into one, and the molecule of cya- 
nuric acid may be obtained by the condensation of 3 molecules of 
cyanic acid into one complex molecule. 

(1365) The action of ammonia upon the oxygen acids of cyano- 
gen has not been fully studied: the group of bodies derived 
from melam appears to be intimately related to the amides of 
cyanuric acid, and would well repay further investigation. The 
compounds of cyanic acid with ammonia are still more interesting, 
since they include the remarkable substance known as urea. This 
substance has the composition of cyanftte of ammonia, and it is 
always produced when a solution of cyanate of ammonia is evapo- 
rated. True cyanate of ammonia may be obtained by transmitting 
the vapour of hydrated cyanic acid into gaseous ammonia, when it is 
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condensed in the form of a white voluminous crystalline powder, 
which is very soluble in water. This solution, when freshly pre- 
pared^ disengages ammonia on the addition of potash ; but if kept 
for a few days, or if the solution be evaporated at a gentle heat^ it 
is converted into urea. 

Urea, however, on account of the important relation which it 
bears to some of the most interesting chemical changes which 
occur within the living body, will be better considered (1367) in 
connexion with other substances by which it is usually accompanied 
in the animal organization. 

(1366) Cyanamide (C2H2N2). — Before quitting the subject of 
the compounds of cyanogen, mention may be made of the true 
amide of cyanic acid. The most convenient method, of pre- 
paring it consists in transmitting a current of gaseous chloride of 
cyanogen into ether saturated with ammonia; the muriate of 
ammonia which is deposited during the pit)ccss, having been sepa- 
rated by filtration, pure cyanamide is left on evaporating the ethereal 
solution. It forms a white crystallizable substance, which is 
soluble without alteration in alcohol. Water dissolves cyanamide 
freely, but the residue obtained on evaporating th^ liquid is found 
to consist almost wholly of its polymeride melamine (1362). 
Cyanamide fuses at 1 04°, and if heated to 300°, it suddenly becomes 
solid, with a considerable evolution of heat, and is oon verted into 
melamine. The addition of nitric acid to an ethereal solution of 
cyanamide, converts it into nitrate of urea ; cyanamide, by the 
assimilation of tw« eqnival«nts of water, becoming changed into 
urea ; CgHaNa -f 2 HO = CgH^NgOa. 


§ 11. Bases of Animal Origin. 


In the present section the following compounds and some of 
their derivatives will be described ; — 


1. Urea 

2. Krcatine 

3. Ivreatinine , 

4. Sarkosine . 

5. Methyluramine 

6. Glycocine . 

7. Alanine* . 

8. Leucine 

9. Tyrosine 


C^H.NA 

Ca HeN 304 , 2Aq 

Ce H7 N3O2 

Ce H,.N O4 
C4H7N3 
C4H5NO4 
Ce H7 N O4 

C12H13N O4 
O3 


Alanine is not an animal product, but is described here from its 
homology with glycociue and leueme. 
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(1367) I. UuEA (C2H4N2O2). — This important compound is an 
essential constituent of the urjne of animals; it is abundant in 
that of the mammalia, and particularly so in the urine of the car- 
nivora; but it has also been met in the urine of birds, and of 
amphibia. Urea is thp principal outlet for the nitrogen of the 
system, after the materials which compose the animal tissues have 
experienced oxidation under the* influence of the respired air, a 
healthy human adult excreting about an ounce of urea daily. 
Dumas made many fruitless attempts to effect the^ direct conversion 
^of the azotised constituents of the body into urea ; but Bechamp has 
recently succeeded in obtaining this result by subjecting albumen 
to the oxidizing action of permanganate of potash . — {Annales de 
Chimie, III, xlviii. 348.) Urea is not formed in the kidneys; 
these glands appearing to act somewhat in the manner of filters, 
by means of which the urea is separated from the mass of the blood, 
in which it exists already formed before reaching the kidneys. 

Urea may be obtained artificially in a variety of ways, one of 
the most remarkable of which was discovered by Wohler, who 
showed that cyanate of amiflonia, which is metameric with lu’ea, 
when evaporated at a gentle heat, furnishes urea : — 

Cyanate of Ammtfnia. Urea. 

H^O, C^O 

This conversion of the cyanate into urea occurs whether it be 
formed by the direct union of hydrated cyanic acid with am- 
monia, or by the double decom])osition of a metallic cyanate, 
such as cyanate of potash, with a salt of ammonia. Neither 
cyanic acid nor ammonia canf^however, be discovepd in the com- 
pound obtained ; but if a solution containing a mixture of nitrate 
of silver and urea be boijed^for some time, it is partly resolved into 
cyanate of silver and nitrate of ammonia. 

Urea is likewise formed during the action of peroxide of lead 
and other oxidizing agents upon uric acid ; by the action of 
alkalies lipon alloxan, and upon kreatine ; as well as by the action 
of sulphuretted hydrogen upon the fulminate of mercury or of 
silver. It is also obtained as a product of the action of oxy- 
chloride of carbon upon ammonia, and by the ‘re-action of 
fimmonia upon carbonic ether, at a temperature of 360®. (1006; 

Natanson.) Urea is isomeric with carbflmide, if not identical with 
, ^ 202 ^ 
it;C2H4N202 = H 2 Ng. 

llj 
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Preparation, — i. Urea is readily procured by concentrating 
urine to the consistence of syrup^ decanting from the deposited 
salts, "and adding an equal bulk of pure colourless nitric acid, of 
sp. gr. 1*25. The mixture becomes nearly solid from the depo- 
sition of flaky crystals of nitrate of urea, the quantity of which is 
increased by immersing the vessel in a frigorific mixture. The 
mother liquor is then pressed out, and the crystals diffused 
through water, to which carbonate of baryta in powder has been 
added. EfierA^escence takes place from the expulsion of carbonic 
acid, nitrate of baryta is formed, whilst urea is set free, and is 
dissolved. If the mixture of nitrate of baryta and urea obtained 
by evaporation be treated with boiling alcohol, urea only is dis- 
solved, and it is deposited on cooling or during evaporation in long 
slender striated colourless prisms. Wlieu an aqueous solution of 
urea containing not less than one-thirtieth of its weight of urea is 
mingled with an equal bulk of pure nitric acid, an abundant depo- 
sition of needles of the nitrate of urea occurs {C2Hj,N302, HO, NO5). 
The nitric acid employed must be quite free from nitrous acid, since 
urea is completely decoin post'd by nitrous acid, into carbonic acid, 
nitrogen, and water : — 

ajuisji, -h 2 NO3 = 2 CO2 + 4N 4- 4 no. 

2. Oxalic acid may be substituted for the nitric in the fore- 
going process ; the oxalate of urea thus formed may be decomposed 
by carbonate of lime, and the urea may then be separated from 
the oxalate and carbonate of lime by n ater ; on evaporating the 
aqueous solution, crystals of urea are obtained. 

3. Urea, however, is more easily and abundantly obtained from 
cyanate of potash, procured by heating an intimate mixture of 56 
parts of ferrocyanide of potassium, which has been completely dried 
at 2 1 2°, with 2b parts of carefully dried finely powdered black oxide 
of manganese. The mixture is placed upon a plate of sheet-iron and 
heated to dull redness, when it slowly smoulders, care being taken 
to stir the mass from time to time. The residue of this operation 
when cold is to be digested in cold water, and 41 parts of dry 
sulphate of ammonia are to be added to the solution; double 
decomposition then ensues, cyanate of ammonia, and sulphate of 
potash being formed : the cyanate of ammonia may be dissolved by 
means of alcohol ; it thus becomes converted into urea, which 
crystallizes as the solutioil cools. 

Properties. Pure urea is colourless ; it crystallizes in slender 
striated prisms, which are slightly deliquescent. Its solution has 
a cooling bitterish taste and is neutral to test papers. It is very 
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soluble in water and in hot alcohol, but very sparingly so in ether. 
It forms no definite compound with water, but it deprives many 
salts, such as sulphate of soda, of their water of crjstaflization 
when triturated with them, producing a soft semi-fluid magma. 
Urea melts at about 248°, but at a temperature a little above 
this it is decomposed, yielding ammonia and carbonate of am- 
monia, whilst a white amorphous residue, consisting of melanuric 
acid, is obtained : — 

Uroa. Melanuric Acid, 

4 '”(c^h^n^o 7 ) = + 2 CO, 4- 4 H3N. 

Previous to the completion of tliis change, a substance termed 
biuret (CJI5N3O4, 2 Aq) is formed (1372). 

A solution of urea, if pure, may be kept at ordinary tempera- 
tures without alteration, and it may even be boiled without under- 
going decomposition ; but if heated in a sealed tube to about 
284° it combines with 4 equivalents of water, and is converted 
into carbonate of ammonia : — 

Urea. Carl>. Ammonia. 

CjIiNp, 4- 4 HO = 

The same change takes place slowly at ordinary temperatures in 
tlie presence of the mucus of the bladder, the ammoniacal odour 
acquired by urine after keeping it for a few days being due to this 
alteration. A similar decomposition into carbonic acid and ammonia 
occurs whem urea is fused with liydrate of jiotasli, or treated with 
concentrated sulphuric acid. 

Chlorine, wdicii transmitted into an aqueous solution of urea, 
resolves the latter into carbonic acid and nitrogen, whilst hydro- 
chloric acid is formed : — 

C,Il4N/), 4 - 2 no -f 6 Cl = 2 CO, 4 - 2 N 4- 6 IICl. 

Urea does not possess well-marked basic properties, but it 
combines with certain acids, and yields crystallizable compounds, 
which preserve a strong acid reaction. It absorbs hydrochloric 
acid gas, forming a deliquescent mass (C2H4N,02, HCl) which fuses 
at a gentle heat to a yellowish oil, and solidifies to a crystalline 
radiated mass as it cools ; water decomposes it immediately. The 
most important salts of urea are those which it forms with nitric 
and oxalic acids. In combining with the oxyacids, urea unites 
with I equivalent of acid and i df water.. Nitrate of urea 
(C2H4N2O2, HO, NO5) is a compound which crystallizes in rhombic 
prisms, or in brilliant leaflets which are sparingly soluble in water, 
especially if it contain excess of nitric acid. It is sparingly soluble 

u B 2 
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ill alcohol. Oxalate of urea [2 {C2H4Na02), 2 HO^ C4O0] crystal- 
lizes in long thin transparent sparingly soluble prisms. It is 
almost* insoluble in a saturated aqueous solution of oxalic acid. 

(1368) Compounds of Urea with Salts, and with Metallic Oxides* 
— Ujrea forms definite compounds with certain metallic oxides, 
such as those of silver and of mercury. Its compound with silver 
(3 AgO, C2H4N2O2) is produced by digesting at a gentle heat freshly 
precipitated oxide of silver in an excess of a solution of urea; 
a grey or yellowish crystalline powder is thus formed. Three 
such compounds may be obtained with red oxide of mercury, viz. 
C2II4N2O2, 2 IIg0;‘C2ll4N202, 3 HgO; and C2H4N2O2, 4 HgO. 
The first of these compounds (C2H4N2O2, 2 HgO) is formed, if 
successive portions of red oxide of mercury suspended in water be 
mixed with a warm solution of urea ; at first the oxide of mercury 
is completely dissolved, but the compound in question is gradually 
deposited as a white powder, which becomes yellowish on 'drying. 
The compound (C2H4N2O2, 3 HgO) is obtained by adding to a 
solution of urea rendered alkaline by 'potash, a solution of corrosive 
sublimate, taking care to maintairi an excess of alkali ; a 
white gelatinous precipitate is formed, which when well washed 
is converted by boiling water into a pale yellow granular powder, 
having the composition above indicated ; and the compound 
(C2H4N2O2, 4 HgO) is obtained by precipitating a solution of 
nitrate of the red oxide of mercury by adding it to an alkaline 
solution of urea. (Liebig, Cheni, Gaz., xii. 41.) 

When a solution of the nitrate of red oxide of mercury (mercuric 
nitrate) is mixed with one of urea, the urea enters into combina- 
tion with the salt in several proportions. If warm dilute solutions 
of urea and the mercurial nitrate be mixed, a crystalline precipitate 
(4 HgO, NO5, C2H4N2O2) falls as a heavy granular powder, which 
consists of concentric groups of minute needles. But if a dilute 
solution of the nitrate of mercury be added to a solution of urea 
so long as a precipitate is formed, and the whole be maintained 
at a temperature of from 104'' to 122“ F., the precipitate is 
principally composed of six-sided prisms, consisting of (3 HgO, 
NO5, C2H4N2O2). If a solution of nitrate of urea be poured into 
a somewhat dilute solution of nitrate of mercury, slightly acidu- 
lated with nitric acid, until a permanent turbidity appears, on 
filtering the liquid and allbwing it to stand, crysti^me crusts of 
small shining rectangular tables are gradually formed (2 HgO, 
NO5, C2H4N2O2). 

Nitrate of silver forms two similar compounds, (AgO, NO5, 
CgH^NgO^) and [2 {AgO,,'NO^), C^H^NgOa], which crystallize 
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readily when a mixture of a solution of urea and of nitrate of 
silver is evaporated in vacuo over sulphuric acid. Urea also com- 
bines with other salts, but tMe compounds which it forms with 
them are of little importance. 

(1369) Idebiff^s method of determining Chlorides and Urea in ' 
Urine . — The foregoing observations are due to Liebig, whS has 
founded upon them a method of, determining the quantity of chlo- 
rine and of urea in urine, which is valuable when such analyses are 
numerous, since it enables a large number of comparative experi- 
ments to be made in a short time. 

1 . For the Chlorine . — A solution of urea is not precipitated by 
a solution of corrosive sublimate, but it is immediately precipi- 
tated by the nitrate of the red oxide of mercury. Solutions 
of the chlorides of the metals belonging to the first two groups 
(439), when mixed with nitrate of mercury, become decom- 
posed into corrosive sublimate, and a nitrate of the alkaline 
or earthy base ; hence, when a solution of chloride of sodium is 
mixed with one of urea, no precipitate is occasioned in this liquid 
on the addition of nitrate of mercury, until the whole of the 
chloride of sodium has been decomposed by the mercurial salt ; 
NaCl + HgO, NO5 becoming NaO, NO5 + llgCl. After this 
point has been reached, every fresh addition of the mercurial 
nitrate occasions a precipitate of the compound (4 HgO, NO5, 
C2H4N2O2) ; and if a solution of the mercurial salt of known 
strength and free from excess of acid be prepared, it is easy to 
determine the quantity of chlondes present by measuring the 
volume of this solution which it is necessary to add to a given 
volume of urine before it begins to occasion a precipitate. 

%. For the Urea . — Having ascertained the number of divisions 
of the mercurial solution which arc consumed before a precipitate 
begins to be formed, a’measured volume of a standard solution of 
nitrate of silver, sufficient exactly to effect precipitation of the 
chlorine thus indicated, is added, and afterwanls the urea is deter- 
mined by means of #he solution of nitrate of mercury. The , 
following are the details of the operation : — 

I. Preparation of the Solution of Nitrate of Mercury No. i, 
employed for determining the Chlorine . — Pure crystals of subnitrate 
of mercury are to be dissolved in moderately strong nitric acid, and 
the solution is to be heated until a sample is no longer rendered 
turbid by chloride of sodium. The solution is next to be evaporated 
on a water-bath to a syrupy consistence, and diluted with about ten 
times its bulk of water; it is then set aside for tweuty-four hours, 
and, if necessary, filtered. In order to graduate the solution, it 
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is necessary to procure a saturated solution of pure chloride of 
sodium, prepared by digesting a large excess of the. salt in cold 
water, with frequent agitation, for^ twenty-four hours: lOO water 
grain measures of such a solution contain 3 1*84 grains of chloride of 
sodium. 150 grain measures of this solution (=; to 47*76 grains of 
chlofide of sodium) are poured into a small beaker, and mixed with 
45 grains of a solution of urea, containing about 4 per cent, of urea, 
and also with 75 grains of a cold saturated solution of pure sulphate 
of soda ; the solution of nitrate of mercury is then to be added to this 
mixture from a burette, with constant stirring, until a distinct preci- 
pitate is permanently formed. The number of divisions of the solu- 
tion poured from the burette indicates the amount of the liquid 
which corresponds to 47*76 grains of chloride of sodium. The 
strength of the mercurial solution having been thus ascertained, such 
a proportion of water must be added to it, that 100 water grain 
measures may correspond to i grain of chloride of sodium. 

2. Preparation of the Solution of Nitrate of Silver employed 
for removing the Chlorine. — 174*36 grains of fused nitrate of 
silver are dissolved in water, and diluted until the liquid amounts 
to 6000 grain measures ; 100 grain measures of this solution cor- 
respond to I grain of chloride of sodium. 

3. Preparation of the Solution of Nitrate of Mercury No. 2, for 
determining the Urea. — A concentrated solution of nitrate of mer- 
cury, containing about 25 grains of the salt in 180 grain measures, 
is prepared according to the directions already given. In order 
to graduate this solution, 60 grains of pure urea are to be dissolved in 
water, and diluted till the volume of tlie solution amounts to exactly 
3000 grains : 150 grain measures of this liquid are to be poured into 
a bcakei’, and the mercurial solution is to be added fi’om a burette, 
till a few drops in a watch-glass produce a distinct yellow colour 
witli carbonates of soda. If the solution were of the exact strengtli 
desired, it would require 300 grain measures of the mercurial solu- 
tion ; but if the latter be prepared of the strength above directed, a 
somewhat smaller quantity will be required, Hud a quantity of water 
exactly sufficient to reduce it to this strength must be added to the 
solution. 

It will be found convenient, in executing analyses of urine by 
this method, to be provided, 1. with a pipette capable of delivering 
exactly 225 water grains frpm a mark upon its stem, for measur- 
ing off the diluted urine ; 2. with a small burette divided into gtain 
measures of water, and capable of measuring 100 grains, for the 
mercurial solution No, i ; and 3. with an ordinary alkalimeter 
burette (Fig. 290, Part II.), for the mercurial solution No. 2. 
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Before determining the urea in urine, it is necessary to re- 
move the phosphoric acid contained in the liquid. This is effected 
by means of a mixture of two, volumes of cold saturated baryta 
water, and one volume of a cold saturated solution of nifrate of 
baryta. A glass cylinder of about one ounce in capacity is filled 
to overflowing with urine, the excess being removed by causing a 
glass plate to slide over the mouth of the cylinder ; two such 
fcylinderfuls are to be poured inibo a beaker, and mixed with one 
cylinderful of the baryta solution. The precipitate thus formed is to 
be filtered off, and the amount of chloride of sewlium in ^125 grain 
measures of the filtrate (=150 grains of urine) is to be determined 
by adding the standard solution of mercury No. i, till a cloudi- 
ness appears : 450 grains more of the filtrate (=300 grains 
of urine) are then to be measured off into a separate vessel, and 
mixed with a quantity of the standard solution of silver, equal to 
twice that of the mercurial solution employed in the preceding 
experiment. The liquid is to be filtered, and a bulk of the filtrate, 
equal to 225 measured grains + half the volume of silver solution 
used, is to be employed for the determination of the urea. This 
quantity, which corresponds to 150 grains of urine, is to be poured 
into a beaker, and the graduated mercurial solution No. 2 added 
from a burette, with frequent stirring, until no further increase of 
the precipitate is perceptible. In order to ascertain whether a 
sufficient quantity of the mercurial solution has been added, a few 
drops of the turbid liq\nd are to be removed with a pipette into a 
watch-glass, and 2 or 3 drops of a solution of carbonate of soda 
allowed to fiow from the edge of the glass into the liquid. If, 
after some minutes, the mixture ititain its white colour, a further 
quantity of the mercurial solution is to be added, until a fresh 
sample plainly exhibits che yellow colour after the addition of the 
carbonate of soda. 

Picard has successfully applied a modification of this method 
to the detection of urea in healthy blood, and he has even suc- 
ceeded in estimatiiig^the difference in the quantity of urea con- 
tained in the blood of the renal artery, and in that of the renal 
vein after the blood has undergone the depurating influence of 
the kidney. [Comptes RenduSy Sept. 8, 1856.) 

(1370) Compound Ureas . — A remarkable series of compounds 
may be obtained from urea by the displacement of a certain number 
of the equivalents of hydrogen which* it contains. The formation 
of these compounds is most readily explained upon the hypothesis 
that urea is the diainide (1051) of carbonic acid, this acid being 
regarded, as Gerhardt considers it, in the light of a dibasic acid : 
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N2, and each of its 


(CjOa) would then occupy the place of Hg in the double equivalent 

CjOa 

of ammonia ; thus urea C2H4N2O2 =p 

H2 

four equivalents of hydrogen would admit of displacement by an 
oi’ganic radicle. Compounds of this kind are readily formed in most 
cases by the action of cyanic acid upon the base which they repre- 
sent, just as ordinary urea is formed from ammonia, by acting 
upon it with cyanic acid. They may also be obtained by decom- 
posing the cyanic ethers with ammonia. Xlie compound ureas 
combine, like ordinary urea, with acids, and form crystallizable 
salts. Examples of the formation of these compounds have already 
occurred in the case of the alcohol radicles (1007) ; thus \ve have, — 


C, O, 


Ethyl-urea 


^ 2^2 ] r H Tsr ^ 
C« Hs N A = C4 H, I N2, or j 


C, 

Ethyl-methyl-urea = HiqNA = X** )^N^>or 


C2O2 ] 


.... - U or I 

- c, H3 [ no, CyO J 

n. 


Tctretliyl-urea . = 


Phenyl-urea "I 
(carbauilamidc) j 


Diphcnyl-urea 

(flavine) 


Og O2 ■) „ 

C,sIl2„NA =2(C*H,)lN„or'^ 

(’2 O2 

H3 

• Cg 02 1 

1.= =a(C,,H3) 

J H, J 


H30N.OI 

CyO / 

C,3lI.N, I 

W2,or 


Phenyl-ethyl-urca = CijjIIigNgOa 


C2 O2 

c* ih 
lU 


^N2. 


It is obvious that this class of compounds admits of being 
multiplied and varied as extensively as the allied group of artifi- 
cial bases. Some of the natural organic bases, such as nicotia 
and conia, when made to act upon the cyanic ethers, also re-act 
like ammonia, and give rise to bodies belonging to the class of 
nreas. 

(1371) Ureides . — ^Urea likewise gives rise to the formation of 
a class of compounds analogous to the amides, forming substances 



DERIVATIVES OP UREA. 


617 


which! have been called ureides ; that is to say, salts of urea from 
which the elements of water have been abstracted. When, for 
instance, a mixture of two equivalents of urea with one eqjaiva- 
lent of one of the oxychlorides of the acids (1097) is heated, 
decomposition occurs, and a ureide is formed. Thus, if urea 
be heated to 300®, or 310®, and then gradually mixed with 
chloride of benzoyl, taking care that the temperature shall not 
exceed 320®, the mass becomes pasty, the odour of chloride of 
benzoyl disappears, and benzureide is left in the form of a crystal- 
line powder, wliich is soluble in alcohol but insoluble in ether 

Chlor. Benzoyl. Urea. Benzureide. 

Ci^HsO^Cl + = 1T3, N^CA + HCl. 

Chloride of othyl, chloride of butyryl, and chloride of valeryl, 
may be made in like manner to yield respectively acetureide 
(H3, C4H3O2, NgCgOa) ; buiyrureide (H3, CgllyOg, N2C2O2) ; and 
valerureide (H3, CioHA> N2C2O2). (Zinin.) 

Besides these ureides, there are various compounds known 
which bear a relation to urea similar to that of the amidated acids 
to ammonia : — for example, allophanic acid (1008 ; IIO, C4H3N2O5) 
may be regarded as carbureic acid, analogous to carbarn ic acid : 
oxaluric acid (1388) may in like manner be view ed as oxalurcic acid ; 
wdiilst parabauic acid (1389) would represent the imide correspond- 
ing to oxaluric acid (Gerhardt) thus ; — 

Oarbamic Acid. Bicarbonate of Ammonia. 

HO, HgNCjOj = ^IjN, a HO, C^oT — 2 IIO ; 

Hypothetical Carbonate of 

Allophanic Acid. Urea and Water. 

H^alljNjOj^s = cTHiN A, 2 HO, ci)* — 2 HO ; 

* Hypothetical Oxalate of 

Oxaluric Acid. Urea and Water. 

IIO^CA^Oa^CA = CAiNA, sHoT^Oe — 2 HO; 

Farabanio Acid. 

C3N2O7 ' = c 5 L 7 ^ 202 ,"tHo 7 c A 

(1372) Biuret (C4H^N304, 2 Aq = HO, H4NO, 2CyO, 2 Aq). — 
This compound has the composition due to bicyanate of ammonia, 
to .which it appears to stand in a relation similar to that which exists 
betifeen urea and cyanate of ammonia. It is prepared by melting 
urea for some time in an oil bath at a temperature between 300® and 
340®. When the disengagement of ammonia has ceased and the mass 
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Las assumed a pasty consistence, it is treated with a small quantity 
of boiling water, and the solution, after filtration, is mixed with a 
solution of subacctatc of lead ; cyanuric and melanuric acids are 
thus precipitated ; the excess of lead is removed by sulphuretted 
hydrogen, and the filtered liquid, on evaporation, yields granular 
crystals of^)iurct. This compound is very soluble both in water 
and in alcohol. It may be obtained from its alcoholic solution 
in long, anhydrous, foliated crystals. It is a remarkably stable 
substance, since it may be dissolved by concentrated sulphuric or 
nitric acid w’ith6ut being decomposed. A characteristic reaction 
of biuret is the formation of an intensely red liquid when a few 
drops of a solution of a salt of copper, followed by the addition of 
a slight excess of potash, are added to its aqueous solution. When 
heated strongly, it is decomposed into ammonia and pure cyanuric 
acid : — 

Biuret. Cyanuric Acid. 


3 (C\H,NA) = 2 (3 HO, CeNjOa) + 3 H 3 N. 

(1373) Urea is accompanied in urine by small quantities of two 
other crystallizable principles, which have received the names of 
kreatine and kreatinine. The alkaline properties of the first are 
extremely feeble. In order to prepare these bodies from urine, 
the liquid is to be neutralized by lime, and a solution of chloride 
of calcium added, so long as it produces a precipitate. The 
filtered liquid is to 1)€ eva^iuratcd by a water heat, until the salts 
crystallize on cooling ; the mother liquor is then to be decanted, 
and mixed with one- twentieth of its bidk of a saturated solution 
of chloride of zinc. In the course of three or four days a deposit 
of rounded yellow crystalline grains of chloride of zinc and kreati- 
nine, mixed with crystals of kreatine, occurs. These crystalline 
masses must be washed with cold water, and then dissolved in 
boiling water, after which hydrated oxide of lead is to be added, 
till the liquid is distinctly alkaline. The hydrochloric acid and zinc 
are thus precipitated from the h9t liquid, in the form of hydrated 
oxide of zinc and oxychloride of lead. The filtered solution is dig^ted 
with animal charcoal, in order to remove adhering colouring matter, 
and on evaporating the solution mixed crystals of kreatine and krea- 
tinine are deposited. Hot alcohol dissolves the kreatinine, and during 
evaporation yields it in crystals. The undissolved portion is kreatine. 
If, instead of employing fresh urine for the extraction of kreatine 
and kreatinine, it be taken after putrefaction has commenced, the 
kreatine, according to Liebig, wiU havo disappeared, whilst the 
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kreatinine remains unchanged. Both kreatine and krcatiiiine 
were originally discovered among the constituents of the fluids 
contained in muscular tissues, whence they derive their i^ame, 
from Kpiag, flesh. There can be little doubt but that they are 
products of disintegration of the muscular tissue, and that, like 
urea, they are destined either for ulterior change in the economy, 
or for immediate rejection as excrpmentitious matter. 

2 . Kreatine 2 Aq ), — Kreatine is present in the juice of 

the flesh in very small proportion, a pound of flesh yielding on an 
average, according to Gregory, about five grains; tl!e quantity, how- 
ever, varies in the flesh of diflerent animals. The flesh of the common 
fowl was found by Gregory to contain more kreatinq than that of 
any animal upon which his experiments were made ; but cod fish is 
the cheapest source of kreatine : io,ooo parts of fresh cod furnish 
from 9 to 17 parts of kreatine, whilst the same weight of fowl 
furnishes 32 parts. The best process consists in chopping up raw 
cod finely, mixing it witli an equal weight of water, and expressing 
the liquid. This liquid is next heated sufficiently to coagulate the 
albumen, taking oare jto avoid ebullition, after which it is filtered. 
Baryta water is then added cautiously, so long as it occasions a 
precipitate ; the liquid is again filtered, to separate the phosphate of 
baryta ; and the filtrate, on being evaporated to a very small bulk, 
yields crystals of nearly pure kreatine. It may be rendered quite 
pure by a second crystallization. 

Kreatine crystallizes in colourless, transparent, brilliant, ob- 
lique prisms, which, when heated to 212°, become opaque, and 
lose their water of crystallization. Kreatine is sparingly soluble 
in cold water, of which it requires 75 times its weight for 
solution; it is freely dissolved b^ boiling w^ater. Alcohol, when 
cold, scarcely dissolves it ; it is insoluble in ether. The aqueous 
solution has a weak, •bitterish taste. Although kreatine is 
neutral to test papers, it forms definite compounds with some of 
the acids. ’ The hydrochlorate of kreatine (C8H9N3O4, HCl) forms 
colourless, well-defined crystals, which are soluble in water. It 
may be prepared by mixing solutions of equivalent quantities of 
hydrochloric acid and kreatine, and evaporating in vacuo, or by 
a temperature not exceeding 90°. The sulphate (C8H9N3O4, 
HO, SO3) jnay be obtained in a similar manner; the nitrate 
(C8H9N3O4, HO, NOg) may also be obJ;ained in brilliant crystals, 
which have a very sour taste. • 

When kreatine is boiled with oxide of mercury the oxide is 
reduced, and a basic substance is formed, which Dessaignes calls 
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methyluramine (C4H7N3). The same substance may be obtained 
by boiling kreatine with sulphuric acid and peroxide of lead. 
When a solution of biuoxide of nitrogen is transmitted through 
a solution of nitrate of kreatine an abundant disengagement of 
gas occurs ; on neutralizing with potash, separating the nitre by 
crystallization, and adding nitrate of silver, a crystalline com- 
pound is obtained (CgHfiN, AgO, NO5), composed of nitrate of 
silver with a new base, to which Dessaignes assigns the formula 
Cell^N. 

If kreatine be boiled with either sulphuric, hydrochloric, 
nitric, or phpsphoric acid, it is decomposed, losing a equivalents 
of water j w hilst kreatinine is formed, and enters into combination 
with the acid : — 

Kreatine. Kreatinine. 

WNA = ^ HO. 

Alkaline bodies produce with kreatine a different result. If 
for instance, to a boiling solution of kreatine crystallized hydrate 
of baryta, equal in w eight to ten times that of the kreatine, 
be added, the kreatine is gradually decomposed, anotlicr new alkali 
termed sarkosine is formed, and urea is found in the liquid ; one 
equivalent of hydrated kreatine furnishing the elements of one 
equivalent of sarkosine and one of urea : — 

Kreatine. Urea. Sarkosine. 

CANA + 2 HO = CA^^Oa -h CANO47 

By continued boiling with baryta the urea itself is decom- 
posed into ammonia, which is expelled during the ebullition, and 
carbonic acid, w hich cornbines with the baryta. 

(1374) 3. Kreatinine (Cj^HyNgOs). — This base may be pro- 
cured from mine by the method already described (1373). It 
may also be obtained by boiling kreatine* with hydrochloric acid ; 
liydrochlorate of kreatinine is thus formed, and from this the acid 
may be separated by boiling it with hydrated oxide of lead iu 
excess ; a yellow, iri!?oluble oxychloride of lead is formed, and the 
kreatinine remains iu solution. Its crystals require about twelve 
parts of cold water for solution, and they are still more soluble in 
hot water ; kreatinine is also dissolved abundantly by boiling Ibltohol, 
and it crystallizes on cooling. Its aqueous solution res^res the blue 
colour to reddened litmus^ and expels ammonia when heated with 
solutions of ammoniaoal salts. It has a strong tendency to form 
basic double salts : for example, if a solution of nitrate of silver, 
moderately concentrated, be mixed with one of kreatinine, it 
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becomes converted into a magma of white needles, which are very 
soluble iu boiling water ; and a similar compound is formed when 
a solution of corrosive sublimate is substituted for that of nkrate 
of silver. The chloride of zinc and kreatinine (C8IT7N3O2, ZnCl) 
is also sparingly soluble. With the 'salts of copper, kreatinine 
forms a blue crystallizable compound. Both the sulphate and the 
hydrochlorate of kreatinine may roadily be obtained in crystals. 

(137 5) 4. Sarkosine, from flesh (CeHyNO^). — In order to 
prepare this alkali, the solution of kreatine must be boiled with ten 
times its weight of hydrated baryta until all odour of ammonia shall 
fiave disappeared. The excess of baryta is to be removed by a current 
of carbonic acid gas ; the solution is to be boiled, filtered, and evapo- 
rated to the consistence of syrup, from which the sarkosine may !ie 
obtained in foliated crystals. In order to ensure its purity it may be 
converted into the form of sulphate, the aqueous solution of which 
may be decomposed by pure carbonate of baryta. Sarkosine crys- 
tallizes in right rhombic, perfectly transparent, colourless prisms, 
which are freely soluble in water, sparingly so in alcohol, and inso- 
luble in ether. At a temperature a little above 21a® they melt, and 
may be sublimed unchanged. Its aqueous solution has a sharp, 
sweetish, somewhat metallic taste, but has no action on vege- 
table colours. It fornls crystallizable salts, which have an acid 
reaction. Thai sulphate (C<.H7N04, HO, SO3, Aq) crystallizes iu 
colourless quadrangular cubes. With bichloride of platinum, sar- 
kosine gives a double salt, which by spontaneous evaporation may 
be obtained in large yellow flattened octohedra (CyH7N04, HCl, 
PtCla, 2 Aq). Sarkosine is isomeric with alanine and carbamic ether 
(urethane), as well as with lactamide, but quite distinct from all 
these bodies in properties, and is distinguished from them by its 
insolubility in ether and i% alcohol. 

{1376) 5. Methyluramne{CJljN2 ). — ^When an aqueous solution 
of kreatine or of kreatinine is boiled with oxide of mercury, car- 
bonic acid is evolved, the oxide is reduced, and on evaporating the 
solution a copious crystallization of oxalate of methyluramine takes 
place: — 

Kreatine. Oxalate of Methyluramine. 

2 (C8ll9N804)-|-ioHgO=2C4H7N3, 2HO, 0406+4003-1-2 HO+io Eg. 

When the oxalate of the base is decomposed by milk of lime, 
methyluramine is liberated, and may bei obtained in the form of a 
colourless deliquescent mass, by evaporating the solution in vacuo. 
It is powerfully alkaline, and absorbs carbonic acid rapidly from the 
air. It has a caustic, somewhat, ammoniacal taste. When heated on 
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platinum foil it is almost wholly volatilized. If boiled with 
baryta water it is decomposed, and vapours of methylia are evolved. 
Methyluramine, in fact, contains‘^the elements of methylia and of 
urea minus those of water : — 

Methyluramine. Urea. Methylia. 

C,H^3 = — 2 HO.* 

Oxalate of methyluramine (a C4H7N3, 2 HO, C4O3, 4Aq) crys- 
tallizcs in flattened, double prisms, whieh are very soluble in water. 
It is easy to prepare other salts of the base, such as the chloride, 
the nitrate, and the sulphate, by decomposing the oxalate with 
a solution containing, an equivalent quantity of hydrochloratc, 
nitrate, or sulphate of lime. 

(1377) Bases homologous with Glycocine , — The three bases 
glycocine, alanine, and leucine, are homologous bodies, and when 
submitted to the action of nitrous acid they are decomposed ac- 
cording to the following formula, and furnish acids which are also 
homologous wdth each other : — 

2 (CnBnn^O,) -f 2 ISO, = (2 HO, + 4 N -f 2 HO. 

The relation of these bases and acick to each other may be thus 
represented : — 

Bases (C^Hrt+jlN'O^). j Acids (2 HO, Cg^Hjw-gOjy). 

Glycocine . . O4 H^ NO^ ■ Glycollic . . . 2 HO, Cf, Hg 

Alanine . . . Cc H- | Lactic .... 2 HO, Cj^HiyOi^, 

Leucine . . . Leucic .... 2 HO, 

The azotised bodies contained in this series possess but very 
feeble basic power, although they form crystallized compounds 
with the acids. There can be little doubt that they are the re- 
presentatives of a class of compounds co-extensive with the volatile 
fatty acids, and probably the missing terms of the series might 
be obtained by processes similar to those which furnish alanine and 
leucine, viz., by acting upon a mixture of hydrocyanic acid w ith 
the corresponding aldehyd-ammonia, by means of hydrochloric 
acid. Glycocine, alanine, and leucine are isomeric with the 
amides of glycollic, lactic, and Icucic acids ; but they are not the 
amides themselves : glycollamide and lactamide may be obtained by 
acting upon the glycollic and lactic ethers with antdcoholic solution 
of ammonia, but they difler in properties from glycocine and ala- 

t 

* It is worthy of remark, that both kreatine and sarkosine yield methylia 
when distilled w ith a mixture of hydrate of aoda and lime, and sarkosine, w'lien 
heated with sulphuric acid, is decomposed with effervescence, emitting vapours 
of a peculiar, stupefying odour, whilst sulphate of methylia is formed in the 
liquid. 
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nine. Indeed, the true amides are all decomposed into salts of am- 
monia when boiled with dilute acids, whereas the compounds of 
the glycocine series may be bdiled with dilute acids for hours 
without decomposition. 

(1378) 6. Glycocine or Glycocoll (C4H5NO4, or C4H4NO3, HO). 
—This substance is one of the products of the decomposition of 
gelatin when boiled with dilute sulphuric acid ; after removing the 
acid by means of carbonate of baryta, the glycocine may be pro- 
cured in crystals on evaporating the solution. It may also be 
obtained by heating gelatin with solutions of potash or of soda. 
But it is most easily obtained in a state of purity by boiling 
hippuric acid with hydrochloric acid (iai5); as the liquid cools, 
benzoic acid is separated in abundance, and glycocine remains in 
combination with hydrochloric acid : — 

ITippiiiie Acid. Hydrochlor. Glj^cocine. Benzoic Acid. 

--A.— ^ ^ ^ A ^ 

HO, Ci^H^NOs + HCl + ^j II 0 =C 4 H 5 N 04 , HCl + HO, 

On the addition of absolute alcohol, after the solution has been con- 
centrated by evaporation and supersaturated with ammonia, pure 
glycocine is deposited in minute crystals. Glycocine may also be 
obtained from glycocholic* acid, one of the resinous acids of the bile 
(1439) when it is decomposed by ebullition with hydrochloric acid. 

Pure glycocine has a sweet taste, which is less intense than that 
of cane-sugar : it is freely soluble in water, but less so in rectified 
alcohol ; it is insoluble in absolute alcohol and in ether. Glyco- 
cinc crystallizes readily by spontaneous evaporation of its aqueous 
solution. It is not susceptible of the alcoholic fermentation. Its 
solution has the power of reddening litmus feebly. It throws down 
metallic mercury from a solution of the sub-nitrate of this metal. 
Glycocine has a strong tendency to combine with the acids, with- 
out, however, neutralizing them ; many of these compounds, such 
as the nitrate (C4H5NO4, HO, NOg), crystallize readily ; the sul- 
phate, the oxalate, and the hydrochlorate may also be obtained 
in crystals. A large number of the metallic oxides also com- 
bine with glycocine, displacing an equivalent of water from it, 
and forming with it soluble compounds, which may be obtained 
in crystals ; this is the case with the oxides of zinc, of copper, 
of lead, of barium, and of silver. These compounds may be 
obtained by heating the hydrated oxides of the metals with a 
solution of glycocine. When glycocine is boiled with aefitate of 
copper, acetic acid is expelled, and a compound of glycocine with 
oxide of copper is obtained in solution. If glycocine be heated 
with a strong solution of potash it gives a fleeting, beautiful fiery- 



62 i 


GLVC^OLLIC ACID ALANINE 


red colour, ammonia is expelled, and oxalic and hydrocyanic acids 
are formed in the solution. Indeed, few substances enter so 
readily into combination a» glyc6cine. In addition to its com- 
poivuls with acids and with bases, it unites with many salts, and 
forms bodies which crystallize with great regularity and brilliancy. 

If a mixture of glycocine, with sulphuric acid and peroxide of 
manganese, or of lead, be subniitted to distillation, a brisk effer- 
vescence occurs, owing to the escape of carbonic acid, and pure 
hydrocyanic acid distils over : — 

CJI5NO4 + O4 = 2 CO2 + 4 HO + HC^N. 

GJy collie Acid (2 IIO, CgHgOjo). — ^When nitrous acid is trans- 
mitted through an aqueous solution of glycocine, mutual decom- 
position occurs, nitrogen is disengaged, and on agitating the mixture 
with ether, decanting the ethereal liquid after it has risen to the 
surface, and submitting it to evaporation, glycollic acid is left in 
the form of a syrup, which is freely soluble in aleohol : — 

Glycocine. Glycollic Acid. 

^JlgNO^) + 2NO3 == 71 io 7 c^HAo + 2HO + 4N. 

, Glycollic acid may also b^ obtained by decomposing benzogly- 
collic acid ( J 21 6) by ebullition udth dilute sulphuric acid. Glycollic 
acid grbatly resembles its homologue lactic acid ; but it may be 
distinguished from it by the occurrence of a precipitate on the 
addition of ammonia to a mixture of glycollic a^id with a solution 
of neutral acetate of lead ; lactic acid does not give any when simi- 
larly treated. Glycollic acid yields soluble salts, which resemble 
the lactates; glycollate of zinc (2 ZnO, CgHgOio, 4Aq) forms 
crystalline crusts. 

Cloez stales that he has found in the mother liquors obtained 
during tlie i)rcparation of fulminate of mercury, an acid which 
he terms the Iwmolactic. This compound is isomeric with the gly- 
collic acid, and very possibly identical with it. 

(1379) 7. Alanine (CgllyNO^,.) — The interest attaching to this 
base arises from its homologous relation to glycocine, and to its 
connexion with lactic acid. It is i.someric with lactamide, with 
sarkosine, and with urethane, but is perfectly distinct from all of 
them. Alanine was obtained by Strecker by distilling an aqueous 
solution containing two pasts of aldehyd-ammonia (p. 132) and one 
of hydfocyanic acid with an excess of hydrochloric acid. Traces of 
hydrocyanic and formic acids pass over with the excess of hydro- 
chloric, but no aldehyd. The liquid in the retort is concentrated 
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by and a considerable proportion of hydrqdilorate of 

ammonaia ja $^^ated in crystals. The mother liqnmfs retain 
hydroehlorate of alanine. They ^6 boiled with hydrated 
Otide of lead, which i§ to be added in small portions to the boil- 
ing liquid until it ceases to occasion a disengagement of ammonia. 
The liquid is then to be decanted from the precipitate, heated 
with sulphuretted hydrogen to remove the excess of lead, filtered 
and evaporated. Alanine crystallizes out, and if the mother liquor 
be mixed with alcohol it furnishes an additional quantity. The 
reaction by which alanine is formed may be thiA represented : — 

Aldehyd Ammonia. Alamne. Sal-ammoniao. 

H3N, C4HA+ H, C2N + HCH- a H 0 = 5 i^N 0 , + 

Alanine crystallizes in groups of colourless prisms, which are 
soluble in between four and five parts of cold water, but are very 
sparingly soluble in alcohol, and insoluble in ether. Its aqueous so- 
lution has a very sweet taste : it is without action upon test-papers. 
Alanine may be partially sublimed at a temperature a little above 
400°. If heated suddenly, it melts and is decomposed ; when 
heated on platinum foil it burns with a violet flame. Hydrate of 
potash decomposes it, with disei^ageraent of ammonia and of 
hydrogen, whilst acetate of potash and cyanide of potassium are 
obtained. When distilled with dilute sulphuric acid and^ieroxide 
of lead, carbonic acid, aldehyd, and ammonia are formed. But 
its most interesting metamorphosis is that which it undergoes 
when the aqueoue solution is treated with nitrous acid, in which 
case lactic acid is formed, whilst nitrogen^is liberated : — 

Alamne. Lactic Acid, 

+ aN03=:'a HO, Ci^HioOio -h 2HO + 4N. 

Alanine, like glyoocine, forms numerous compounds both 
with acids and with bases ; many of them may be obtained in 
crystals, but they are all very soluble. 

The compounds (CgH^NOJ and (CioHiiN04), intermediate 
between alanine and leucine, in the glycocine series, and correspond- 
ing to the aldehyd- ammonias of propionic and butyric acids, have 
not as yet been prepared. 

(1380) 8. Lmdne,C(iB€mi >9 oxide ox Aposepediihei^^^^O ^. — 
Various decompositions give rise to the formation of this body; for 
example, it is one of the products of the putrefaction of casqp, or of 
cheese, of muscle, and of gluted, in the presence of wate^ ; it is also 
amongst the compounds obtained by the action either of sulphuric 
VAUT 111. s s 
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acid diluted with 3 or 4 parts of water, or of hydrate potash, 
upon gelatin, muscular tissue, the yellow elastic tissue of the 
Mffomentum nucha, white of^egg, horn, and wool. One of the 
best methods of obtaining leucine consists in fusing dried casein 
or any other albuminoid substance with its own weight of hy- 
drate of potash ; during this operation ammonia is evolved, and 
a disgusting feecal odour is emitted : as soon as hydrogen begins to 
come off, which is indicated by the change of colour from dark 
brown to yellow, the mass must be allowed to cool ; and on treat- 
ing it with hot Water, a highly alkaline liquid is obtained, which 
contains in solution leucine and tyrosine (Bopp, Liebig^s AnnaL, Ixix. 
21), On slightly supersaturating the liquid with acetic acid, tyro- 
sine is deposited in concentric groups of needles j and on further 
evaporation of the mother liquid, leucine is obtained in pearly 
colourless plates, which may be purified by washing them with 
alcohol, and recrystallizing the residue from boiling dilute alcohol. 
Limpricht has also succeeded in obtaining leucine artificially, by 
boiling the compound of valerianic aldehyd and ammonia with an 
excess of hydrocyanic and hydrochloric acids, until the oily liquid 
produced by the fusion of the valeraldehyd- ammonia has disappeared : 
in this manner sal ammoniac mA leucine are obtained : — 

Valeraldehyd- 

Ammonia. • Hydrocy. Acid. Lcaciue. Sal-ammomac. 

H, CgN -}- HCl -f a HO = h]n7cL 

The excess of hydrochloric acid may be removed by means of 
oxide of lead, and the traces of lead be separated by hydrosulphuric 
acid, after which the li(fuid is evaporated in a water-bath : boiling 
dilute alcohol then dissolves leucine from the residue, and deposits 
it in plates as it cools. Thialdine, when treated with oxide of 
silver and water, is also converted into leucine, oxygen taking the 
place of the sulphur of the thialdine (Gossmann) ; — 

Thialdine. Leucine. 

-h 4AgO ="Ci7h^ 3NO, + 4AgS. 

Cloetta {Chem, Gaz,, 1856, p. 61) has recently made the 
interesting observation that leucine is one of the normal con- 
stituents of the pulmonary tissue, and by operating upon consider- 
able masses of bullock^s lungs he procured it associated with taurin, 
inosite and uric acid. 

L^cine somewhat resdmbles cholesterin in appearance ; it has 
an unctuous feel, and is lighter than water. When heated, leucine 
does not melt, but it sublimes at about 340® in wooUy floccuU. It 
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is sparingly soluble in cold water, but freely so in boiling water. 
The presence of acetic acid or of acetate of potash favours its solu- 
tion both in water and in alcohol. Cdld absolute alcohol dissolves 
it very sparingly, and it is insoluble in ether. It is however 
easily soluble in dilute solutions of the acids, with many of which 
it forms crystallizable compounds; the hydrochlorate of leucine 
(C12H13NO4, HCl) is very soluble in water ; the nitrate of leucine 
or nitroleucic acid (C12H13NO4, HO, NOg) crystallizes in colourless 
needles. An aqueous solution of leucine occasions a white preci- 
pitate with subacetate of lead ; and if to a boiling solution of leu- 
cine mixed with the neutral acetate of lead ammonia be cautiously 
added, pearly scales (PbO, C22H13NO4) are deposited. Leucine 
also precipitates subnitrate of mercury (Braconnot) but no other 
metallic solutions. 

Leucine, when distilled with peroxide of lead furnishes am- 
monia and butyric aldehyd. If it be distilled with dilute sulphuric 
acid and peroxide of manganese, valeronitrile with carbonic acid 
and water are produced : — 

Leucine. * Valeronitrile, 

C22H13N64 + 40 = 5^9^ + + 4 HO. 

If leucine be fused with hydrate of potash it yields valerate of 
potash, whilst ammonia and hydrogen are liberated : — 

Leucine. Valerate of Potash. 

(KO, HO)=ko, c^A+2 (ko, co,)+H3N+4H. 

Pure leucine is stated also to undergo a similar decomposition 
when caused to ferment, by the addition of a small quantity of 
muscular fibre, or of albumen. When an aqueous solution of 
leucine is submitted to the action of nitrous acid, the leucine is 
decomposed with liberation of nitrogen and the formation of leucic 
acid {2 HO, C 24 ,H 220 io), just as gly collie and lactic acids are 
formed from glycocine and alanine under similar circumstances. 

(1381) 9. Tyrosine (CigHnNOg; Hinterberger). — This substance 
was obtained by Liebig from the products of the fusion of well- 
dried cheese, fibrin, or albumen, with hydrate of potash, in the 
manner described when treating of the preparation of leucine. 
The crude crystals of tyrosine must be redissolved in a solution of 
potash, and precipitated with acetic ae^d. If coloured it must be 
converted into hydrochlorate, digested with animal charcoal, and 
the filtered liquid whilst boiling must be mixed with acetate of 
potash ; chloride of potassium is thus formed, and tyrosine, free from 

s s 2 
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acetic acid, its deposited in long fibrous crystals. Tyrosine is also 
found among the products of the putrefaction of albumen, fibrin, 
and caisein, and it is produced together with leucine when these 
albuminoid liodies are boiled for some hours with dilute sulphuric 
or hydrochloric acid. Horn, feathers; and hair, also yield it by 
this treatment : — one part of horn, 4 of oil of vitriol, and 1 2 of 
water, if boiled for forty hours, furnish a dark brown fluid, which 
at the end of that time must be rendered alkaline by the addition of 
milk of lime, then heated and filtered : sulphuric acid must now 
be added to neutralization, and on evaporation, crystals of tyrosine 
are deposited ; they may be purified in the manner already directed. 
The formation of leucine appears to precede that of tyrosine, both 
when prepared by means of acids, and when the hydrated alkalies 
are employed in effecting their production. This is readily accounted 
for when the composition of the two bodies is borne in mind : — 

Leucine. Tyrosine. 

"3 (C^i.Hi 3NO,) = ^sHnNO.;) + H3N + 14 H. 

Tyrosine appears also in certain cases to be a direct product 
of the chemical actions in the living animal, since it was found 
by De La Rue ready formed in the cochineal insect. 

Tyrosine forms long fibrous crystals, which are very sparingly 
soluble in cold water, and nearly insoluble in alcohol and ether ; 
boiling water dissolves it in considerable (quantity. Although its 
solutions are neutral to test paper, it is freely soluble both in acid 
and in alkaline solutions. When treated wdth hot nitric acid, it 
yields oxalic acid; and if cold dilute nitric acid be employed, 
nitrate of nitrotyrosine NOg, HO, NOg) is formed. A 

very delicate test of the presence of tyrosine is afforded by the 
formation of a red flocculent precipitate when its solution is mixed 
with a nearly neutral solution of nitrate of the red oxide of mer- 
cury, and if the solution be very dilute a rose-red colour is developed 
in the liquid (Reinhold Hoffmann). Tyrosine evidently belongs 
to a class of compounds different from those homologous with gly- 
cociiie. It is a body which from the frequency of its occurrence 
amongst the products of the decomposition of azotised matters, 
merits a more complete examination than it has as yet received, 

§ III. Uric Acid and its Derivatives. 

(1382) Uric, or Lithic Acid ^CioH4N40fl=2HO,CioH2N404). 
— This important excrementitious product occura in small quantity 
in human urine. It is much more abundantly Contained in the 
white, semi-solid excretions of birds ; and, in combination with 
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ammonia it constitutes almost the whole of the excrement of 
serpents, such as the boa. The beds of guano found in the rain- 
less islands of the Pacific, » which are formed of the, accu- 
mulated excrements of countless generations of sea-fowl, consist 
chiefly of urate of ammonia, which has undergone decomposition 
more or less extensive. When uric acid is secreted in excess in 
man, it is often deposited from the urine in the form of hard 
crystalline grains, forming what is commonly termed red gravel ; 
or it collects into larger masses which, if retained in the bladder, 
gradually acquire considerable size, and constitute the most usual 
variety of urinary calculus. In gouty patients also uric acid not 
unfrequently accumulates around the joints affected ; and in com- 
bination, principally with soda, forms the white friable concretions 
often improperly called chalk stones. 

Uric acid. is best prepared from the dried urine of the boa by 
dissolving i part of the powdered mass in from 40 to 50 parts of 
boiling water, to which an excess of potash is added, sufficient to 
bring the whole of the acid into solution ; during this oj)eration 
ammonia escapes abundantly. The heat must be continued until 
the ammoniacal odour has disappeared. The brownish liquid thus 
procured contains an impure urate of potash, which must be filtered 
while hot, and decomposed by adding a slight excess of hydrochloric 
acid. Uric acid is immediately separated in minute white crystals ; 
these must be washed with cold water, dissolved a second time in 
potash, and once mord* precipitated by hydrochloric acid ; the pro- 
duct, after being thoroughly washed, and then dried, is quite 
pure. Uric acid crystallizes in rhombic tables, the outlines 
of which are frequently rounded; but when it is deposited from 
animal fluids the form of the crystals is often much modified. 
If a cold saturated solution of urate of potash be decomposed by 
hydrochloric acid, large crystals of the acid are obtained with 4 Aq. 
This water is expelled when the acid is heated to 212°.* 

Pure uric acid is a white crystalline powder requiring 10,000 
parts of cold water for solution, to which, however, it imparts a 
feeble acid reaction. Uric acid is insoluble in alcohol and in 
ether, but it is dissolved by concentrated sulphuric acid, and 
is deposited in a hydrated condition on diluting the solution. 
The urates of potash and of ammonia are more soluble than the 
free acid. The acid urates of amrPMia, of soda, and of lime are 

^ ^ ^ 

• When uric acid is long boiled with a solution of potash, 6 equivalents 

of water are assimilated, and uroxanate of potash (2 KO, 0 iaH8 N4O,^ 6 Aq) is 
formed in small quantity. On the addition of a strong acid, uroxamc acid is 
separated in sparingly soluble microscopic tetrahedral crystals. 
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frequent ingredients of urinary calculi ; the proportion of the lime 
salt, however, is always very small. The reaction of uric acid with 
nitric acid and ammonia is highly characteristic, and it enables 
the acid to be detected in very minute quantities ; the method pf 
proceeding will be described under the head of murexid (1394). 

(1383) Urates, — Uric acid is dibasic. Its salts have been 
carefully examined by Bensch (Liebig^s Annal,, liv. 189, and Ixv. 
1 81). All the urates are but sparingly soluble in water; they 
are much more soluble in alkaline solutions, especially when 
heated. They are also freely soluble in solutions of borax. 
Two urates of potash may be formed : the acid salt (KO, HO, 
C10H2N4O4) is the one best known. It is precipitated in a 
granular form when carlx)iiic acid is transmitted through a solu- 
tion of the neutral salt. It is soluble in about 80 parts of boiling 
water, from which, on cooling, it is deposited in amorphous flocculi ; 
it requires about 800 parts of cold water for solution. The neutral 
urate of potash (2KO, CJ0H2N4O4) is obtained by saturating a cold 
dilute solution of potash, free from carbonate, with uric acid sus- 
pended in water, and boiling down the solution in a retort. At a 
certain degree of concentration the salt is deposited in fine anhydrous 
needles : the clear liquid must be decanted from them, and they 
must be washed with dilute alcohol. This salt requires about 44 
parts of cold water for solution, and 35 of boiling m ater. Its solu- 
tion is slowly decomposed by ebullition. This salt has a caustic 
taste, and rapidly absorbs carl)onic acid from the air. 

There are two urates of soda, both of which are anhy- 
drous ; they are each somewhat less soluble than the corre- 
sponding potash salts. The acid urate of ammonia (H^NO, HO, 
CjoHaN/IJ is the only urate of ammonia which is known. It 
usually forms a white amorphous mass, which is soluble in j8oo 
parts of cold, and 240 of boiling water ; it is deposited in fine 
needles from a lx)iling aqueous solution of it, which contains an 
excess of ammonia. Only the acid urate of magnesia (MgO, HO, 
Ci(,H2N404,6Aq) is known; but both a neutral (2CaO,CioH2N404) and 
an acid urate of lime (CaO, HO, C10H2N4O4, zAq) may be obtained. 

(1384) Products of the Decomposition of Uric Acid, — When 
uric acid is submitted to distillation it does not fuse, but under- 
goes decomposition, producing carbonate of ammonia, hydrocyanic 
acid, cyanuric acid, urea, and some empyreumatic products. 
Uric acid is decomposed when heated with fused hydrate of potash, 
ammonia is evolved, and the residue contains cyanide of potassium 
mixed with carbonate and oxalate of potash. But the most 
remarkable chemical peculiarity of uric acid is the facility with 
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which it is altered by oxidizing agents, and the number of definite 
and crystallizable compounds to which it gives rise. These 
products were first investigated by Liebig and Wohler (Liebig^s 
Anml*i xxvi. 241). Such metamorphoses of animal products by 
oxidation always present a high physiological interest, inasmuch 
as the great changes which occur under the influence of vitality 
are changes in which oxidation* plays the principal part. The 
oxidation of uric acid may be effected in various ways, such as by 
means of nitric acid, by peroxide of lead, bv ferridcyanide«of 
potassium mixed with caustic potash j the products of oxidation 
differing according to the nature of the agent employed. 

The following table exhibits the most important of the deri- 
vatives of uric acid : — 


Uric acid .... 
Uroxanic acid . . 
Alloxan .... 
Dialuric acid . . . 

Alloxantin .... 

Alloxanic acid . . 
Mykomelinic acid . 
Mesoxalic acid . . 
Leucoturic acid . . 

Difiuan 

Parabanio acid . . 
Oxaluric acid . . . 

TJramil (dialuramide) 
Tliionuric acid . . 

Murexid .... 
Allantoin .... 
Hidantoic acid . . 

Allanturic acid . . 

Lantanuric acid . . 


2 HO. CjoH^N.O, 

2 HO, CjoHeN.O.o 

Cj, HgNoOg, 2 Aq 
HO.C^h’nK 

< Cg H,NsO„, ) 

\ +C*H,N.O„ sAq 
2 HO, C, 

IIO,aH;NA.Aq 
2 HO, Ce Os 
HO, C, HjN.O, 

C. H.N.O. 

2 HO, a H„0, 

HO, C- h.n:o. 

H.N, C’ HsN.O, 

2 HO, C, H3N3OS, 2 SO. 


HO, C. HgN.Og 
HO, C.oUgN.Og 
HO, Cg HgN.O, 


= C.„H, NA 

— CigHjdN.O,. 

= Cg H. N.Og, 2 Aq 

= Cg Hg N.Og 
= C.gANAg.6Aq 
or C„ H. N.O,, 3Aq 

= Cg Hg N.Ogg 

= Cg Hg- NgOg,Aq 
= Cg H. 0„ 

= Cg Hg N.O, 

= Cg Hg N.Og 

= Cg H. N.O. 

= Cg Ilg NgOg 
= Cg Hg NgOg * 

= Cg Hg NgOggS. 

= CggH-gN-gagi- 

= Cg Hg Ng Og 
= C, Hg Ng O, 

= C.gH, N. O, 

= Cg Hg N. O,. 


Liebig and Wohle, have shown that when uric acid is sub- 
mitted to the oxidizing action of dilute nitric acid it is converted 


into urea and alloxan ; — 


Uric Acid. Alloxan. Urea. 

2 no, C~H2N,o1 + 4 HO + 2 O = CsHaNp^TnO + ; 

and if alloxan be boiled with an alkaline solution, it loses the 
whole of its nitrogen in the form of urea, whilst mesoxalic acid is 
formed : — 

Alloxan. Urea. Mesoxalic Acid. 

2 ho' + 2 ho ^HoTc^. 

The urea is in these cases decomposed partially or entirely by the 
action of the acid or of the alkali upon it. Since the whole of 
the nitrogen of the uric acid is thus- eliminated in the form of 
urea, which may be regarded as cyanate of ammonia, it may be 
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.inferred that the nitrogen is contained both "in uric acid and 
in alloxan^ in two forms, one half of it being in the foWi of a 
derivative of cyanogen, the other half in that of a derivative of 
ammonia. The remainder of the carbon and other component ele- 
ments of uric acid constitute mesoxalic acid. Liebig and Wdhler 
assume the existence of a radicle in uric acid, which they term 
uril or cyanoxalic acid — a compound corre- 

sponding to oxalic anhydride, in which tj'^^o equivalents of oxygen 
hawe been displaced by two of cyanogen. This compound, how- 
ever, has not been isolated, and the assumption of its existence 
appears unnecessary, since it does not materially aid in explaining 
the changes which uric acid undergoes. 

Alloxan is itself susceptible of various transformations, which 
give rise to several interesting compounds, of which the most 
important are the following ; — 

Alloxanic Acid^ which in its normal state is metameric with the 
octohedral form of alloxan (i) ; Dialuric Acid, which may be re- 
garded as a hydride of alloxan (2) ; Alloxantin, or a compound of 
alloxan with dialuric acid (3). If alloxan be treated with nitric acid 
it yields Parabanic Acid (4) ; and this acid, under the influence 
of bases, assimilates the elements of water, and is converted into 
Oxaluric Acid (5) ; whilst the solution of oxaluric acid, if boiled, 
also combines with water, and breaks up into oxalic acid and urea 
(6), as may be seen by the annexed equations : — 

Alloxan. Alloxan ate of Baryta. 

(1) CgH^NsjOg + 2 BaO = 2 STo, CgHaNgOg. 

Alloxan. Hjdrosulph. Ammon. Dialurate of Ammonia. 

(2) CgHgNgO^ +ll4N&,HS =%*NO,CgHaNA + S*. 

AUoxan. Dialuric Acid. Alloxantin. 

(3) + 'HO,CgH3NA + 4 H0=C„H^N40^6H0. 

AUoxan. Parabanio Acid. 

(4) C8H3N3o 7 +03 = i HO, c57o7 + a CO3. 

Parabanio Acid. Oxalnrata of Ammonin. 

(5) 2 HO, CeNA + H3N + 2 HO = ‘h.NO, QH3NA. 

Oxaluric Acid. Oxalic Acid. Urea. 

(6) HO, CgHsNaO, + 2 HO * i Ho! CA + 'CjH4NA- 

C 

(1385) Alloxan (CgHgNaOg -h 2 and 8 Aq), is best obtained by 
adding to nitric acid (of sp. gr. 1*42) pure uric acid in small poi^** 
tions at a time, waiting till the effervescence produced by the 
addition of each separate quantity has subsided, and taking care to 



ALLOXAW. 


633 


moderate tlie lieat generated by the reaction, by immersing the vessel 
in cold #b.ter if necessary. The temperature must not be allowed to 
rise much above During #this operation, carbonic acid and 

nitrogen escape abundantly. Uric acid must be added until crys- 
tals begin to be formed ; the liquid must then be allowed to cool, 
when an abundant deposit of octohedral crystals of alloxan will 
occur. These crystals must be drained in a funnel partially ob- 
structed with asbestus, washed with ice-cold water, and dried on 
a tile. In this form alloxan was regarded as anhydrous by Lie- 
big and Wohler, but later researches appear to show that it must 
*be regarded as containing two equivalents of water, since Gmelin 
finds that if it be heated to from 300® to 320° it loses 11*3 per 
cent, or two equivalents of water. If these octohedral crystals be 
redissolved in water at 120° they yield on evaporation transparent 
prisms containing eight equivalents of water. The changes which 
attend the formation of alloxan from uric acid by the action of 
nitric acid, may he thus represented in two consecutive stages, 
though the decompositions appear to occur simultaneously : — 

Uric Acid. • Alloxan. Urea. 

(i) + HO -f HO, NO, = -h CJiTn^^ + NO,. 

But, since urea and nitrous acid immediately decompose each other, 
nitrogen and carbonic acid are disengaged with elfcrvesceuce, whilst 
water and ammonia are found in the*liquid with the alloxan : — 

Urea. 

(2) OH^Oa + NO, == 2 CO3 4 - H3N + N3 4 - HO. 

Alloxan may also be prepared by mixing four parts of uric 
acid with eight of commercial hydrochloric acid, and gradually 
adding one part of powdered chlorate of potash. Under these cir- 
cumstances no effervescence occurs, and the whole of the urea is 
found in solution, * TL ; temperature must be carefully prevented 
from rising too high. 

Alloxan is freely soluble in water; it stains the skin pink, 
and gives it a sickly odour, and, though not possessed of acid 
properties, it reddens litmus paper. Although it is a stable and 
definite substance, when once formed, yet it is readily transformed 
into other products. When alloxan is boiled with peroxide of 
lead it yields urea and carbonic acid, the peroxide qf lead being 
converted into protoxide ; — 

Alloxan. Urea? 

2 HO + 4PbO, = CaH^N^O, f 6 COg + 4 PhO. 

A characteristic property of alloxan is the formation of an 
intensely violet purple-coloured liquid on admixture with solu- 
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tion of a protosalt of iron. Long-continued boiling decomposes a 
solution of alloxan, carbonic acid is given off, and the solution 
contains a mixture of parabanic aibid and alloxantin 

Alloxan. Alloxantin. Parabanio Acid. 

+ aco^. 

(1386) Alloxanic Add (a HO, CgH^N^Og). — By treating alloxan 
with baryta water, so long as the precipitate produced is redissolved 
on agitation, and gently heating the mixture, two equivalents of 
water are displaced by the baryta, and a salt is formed which 
crystallizes as the liquid cools. This compound contains alloxanic 
addy which may be separated by the cautious addition of sulphu- 
ric acid, and may be obtained in crystals by evaporation.* 

A solution of alloxan in ammonia is nearly colourless, but if 
heated gently it becomes yellow, and on cooling forms a semi-solid 
transparent gelatinous mass of mykomelate of ammonia, whilst the 
liquid retains urea in solution, with alloxanate and mesoxalate of 
ammonia; these are probably the results of secondary actions. 
Mykomelinic Acid contains the elements of i equivalent of alloxan 
and 2, of ammonia, from which 4 equivalents of water have been 
separated : — 

Alloxan. Mykomelinic Acid. 

CgH.NaOg -f 2 H3N = HO, CgHgNPg -f 4 HO. 

If alloxanic acid be neutralized by ammonia it gives with 
nitrate of silver a white precipitate, which, by boiling, first becomes 
yellow, and is afterwards reduced with effervescence. 

(1387) Mesoxalic Add (2 HO, C^Og). — When alloxanate of 
baryta is subjected to prolonged boiling it is decomposed ; urea is 
liberated, and a yellowish precipitate is formed, consisting of a 
mixture of carbonate of baryta and a sparingly soluble mesoxalate 
of baryta, the carbonate of baryta being the result of a 
secondary decomposition of the urea. The following equation 


Alloxanic acid is an unstable compound. If its aqueous soliiiion lie 
boiled, car bonic acid is emitted ; and if the solution be rapidly reduced to the con- 
sistence of a syrup, and then diluted with water, it is only partially dissolved ; 
the insoluble portion is named by Schlieper (Liebig’s AnnaL, Ivi. i) lettcoturic 
acid (HO, C.pLNjOj); the solution contains a white deliquescent body, termed 
dijluan (CgH4NjOj). Kitric acid reconverts the latter into alloxan, and 
potash decomposes it with evolhtion of ammonia and formafion of ox^io acid. 
The formation of these bodies from alloxanic acid may be thus mSmted 

AUoxanic Acid. Leuooturic Acid. DifluMi. 

a (2 HO. CgH,N, 0 ,) = HO, C,H,N, 0 , + + 4 < 30 , + HO. 
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shows th^ process of the transformation of alloxanic into mesoxalic 
acid : — 

Allozanate of Baryta. ^ Mesoxalatft of Baryta. Urea. * 

, A ^ ^ . ^ , . 

% !BaO^ 03112^203 -f" % HO “ % BaO^ O3O3 -f* C 2 H 4 N 202 * 

Mesoxalic acid may be procured in a free state by the addition 
of sulphuric acid to the baryta salt*^ the solution when evaporated 
yields crystals, which are very soluble in water ; it is powerfully 
acid, and has a very sour tast^. The most charaqjeristic reaction 
of mesoxalic acid is the formation of a yellow precipitate of mes- 
oxalate of silver, when a solution of mesoxalate of ammonia is 
mixed with one of nitrate of silver : this precipitate when heated 
is decomposed with a brisk effervescence, owing to the escape of 
carbonic acid and carbonic oxide, whilst metallic silver is left ; 
% AgO, CgOg = ^ Ag 4- 4 C02-j- a CO. When to a boiling solution 
of alloxan a boiling solution of acetate of lead is added, a yellow, 
heavy, insoluble precipitate of mesoxalate of lead is formed, from 
which the acid may be obtained by decomposing the precipitate by 
means of sulphuretted hydrogen. 

(1388) Parabanic Acid (2 HO, CgNgOJ is formed by concen- 
trating the acid mother liquor of alloxan, till on cooling it forms 
a soft crystalline mass ; C8H2N2O8 + NO5 = 2 HO, C3N2O4 -f 
2 CO2 + NO3, This is to be dried on a tile, redissolved in water, 
and recrystallised, when it forms thin,, colourless, six-sided prisms : 
it is - a powerful acid, very permanent in its uncombined condi- 
tion, and very soluble in water. At a heat of 212® it acquires a 
reddish tint : at a higher temperature it undergoes partial sub- 
limation, but a portion of it is decomposed, and furnishes hydro- 
cyanic acid. Parabanic acid forms salts which are exceedingly 
unstable ; parabanate of silver being the only salt which is per- 
manent. All the other parabanates during evaporation combine 
with two equivalents of water, and become converted into oxalu-, 
rates : parabanate of ammonia, for instance, when boiled furnishes 
brilliant crystals of oxalurate of ammonia : — 

Parabanate of Ammonia. Oxalurate of Ammonia. 

HO, H4NO, CgNA + 2 HO = h 7 nO, CgHaN^,. 

(1389) Oxalwric Acid (HO, C0H3N2O7). — This acid is inter- 
esting from the circumstance of its being* occasionally met with in 
urinary sediments, forming the dumb-bell crystals that were at 
first mistaken for oxalate of lime. Oxalurate of ammonia may be 
employed in preparing the acid ; a hot saturated solution when 
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mixed with dilute sulphuric acid, and cooled rapidly, yields pure 
oxaluric acid as a sparingly soluble heavy white powder. By 
long«boiling with water this acid fe decomposed into oxalic acid and 
oxalate of urea : — 

Oxaluric Acid. Oxalic Acid. Oxalate of Urea. 

2 (Ha CoHaNaO^) +4 HO = 2 HO, CA + 3 HO,CA* 

Oxalurate of silver is a white salt, soluble in hot water, from 
which it crystallizes in beautiful silky needles as the solution cools. 
Parabanic and oxaluric acids may be regarded as ureic derivatives 
of oxalic acid (1371). 

(1390) Alloxantin (C8H2N207,3Aq) or (CJ6H4N4O14, 6Aq). — 
This compound may be regarded as a combination of dialuric acid 
with alloxan, since it may be formed by mixing solutions of these 
two bodies in equivalent proportions : — 

Alloxan. Diuluric Acid. Alloxantin. 

CsHaNaOe, 2 Hd-Hko, CsH3N2d /+ 2 H0 = CieH 4 N 40 i 4 , 6 Ho7 

the crystals of alloxantin are slowly deposited from the mix- 
ture. Alloxantin may also be obtained by the action of de- 
oxidizing agents upon alloxan. If alloxan be dissolved in 
water, and a current of sulphuretted hydrogen be transmitted, 
the liquid in a short time becomes turbid, from the sepa- 
ration of sulphur, and crystals of alloxantin are gradually depo- 
sited. The acid mother liquor which remains after the prepa- 
ration of alloxan by nitric acid is well adapted for furnishing 
alloxantin ; it should be neutralized with chalk, and submitted to 
the action of a ciurent of sulphuretted hydrogen gas. Many other 
processes may, however, be adopted for' preparing alloxantin ; for 
example, if protochloride of tin be mixed with a solution of 
alloxan, crystals of alloxantin are deposited. Also, if a solution 
of alloxan be acidulated with hydrochloric acid, and a bar of zinc 
be introduced, hydrogen is evolved, and crystalline crusts of 
alloxantin are slowly produced. 

Alloxantin forms small white, bard, brilliant prismatic crystals, 
which become pink by exposure to an atmosphere containing 
ammonia. It is very sparingly dissolved by cold water, but more 
ireely by boiling water ; its solution reddens litmus. Crystallized 
alloxantin may be heated to 212® without losing weight, but at a 
higher temperature it gives off 15-4 per cent, of water. Baryta 
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water, when added to its solution, gives a characteristic violet pre- 
cipitate, which becomes white if boiled in the liquid. A solution of 
alloxantin reduces the salts of silver, and is converted into allo;can ; 
thus affording an instance of the facility with which oxidizing 
agents reconvert it into alloxan. If a boiling solution of alloxantin 
be mixed with a solution of muriate of ammonia, also at a toiling 
temperature, and the mixture he allowed to cool in a well-corked 
vessel, crystals of uramil (dialuramide) are deposited, whilst the 
liquid retains alloxan and free hydrochloric acid in solution ; — 

Alloxantin. Uramil. Alloxan. 


C16H4NA4 + H 4 N,C 1 = C^HsNgOe + HCl + C ANaOg. 

When alloxan is boiled with hydrochloric acid it is gradually decom- 
posed, alloxan and parahanic acid are formed, accompanied by two 
compounds, termed by Schlieper allituric acid (CgllgNgOJ and dilu 
turic acid. The last named acid has not been analysed in its 
uncombined form. 

(1391) Dialuric Acid (HO, CgHgN^Oy).—^ a stream of sulphu- 
retted hydrogen be transmitted in excess through a hot solution 
of alloxan or of alloxantin, sulphur is deposited, and the liquid be- 
comes strongly acid, owing to the formation of dialuric acid. If this 
acid liquid be neutralized with ammonia, dialuratc of ammonia is 
deposited in silky needles (H4NO, Cgll3N207). The same salt may 
be obtained by reducing alloxan by means of zinc and hydrochloric 
acid, and adding a sufficient excess of ammonia to redissolve the 
oxide of zinc, which is at first precipitated by the ammonia. If 
dialurate of ammonia be added to hot hydrochloric acid, so 
long as it is dissolved, and the liquid be allowed to cool, long 
needles of dialuric acid are deposited. Tlicy become red by 
exposure to the air, auvl are gradually converted into alloxantin. 
Dialuric acid forms a sparingly soluble salt yf\\kj)otash. It may 
be obtained by adding a solution of cyanide of potassium to one 
of alloxan. The brown yellow precipitate thus obtained must be 
dissolved in a weak potash ley, and neutralized by acetic acid, 
when it falls as a white precipitate. The dialurate of ammonia is 
white at the moment of its formation, but as it dries it becomes 
of a splendid pink or blood-red colour. This salt is freely soluble 
in boiling water. It occasions a white precipitate with the salts 
of baryta, and a yellow one with salts of lead. Nitrate of silver is 
reduced by it to the metallic state. 

(139a) Uramil, or Dialuramide (C8H5N30g=HaN, CgHgNgO^). 
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— ^This compound may be obtained by decomposing tbionurate of 
ammonia by boiling it for a few minutes with an acid - 

Tbionurate of Ammonia. ^ 

, ^ 

9 H^NO.CgH^jO,, 2 SO, + 3 HCl + 2 HO = 

TJramil. 

2 (H,N,C1) + 2 (HO, SO 3 ) + 

It may also be procured by mixing boiling solutions of alloxantin 
and muriate of ammonia, freed from air (1390) . Uramil crystallizes 
in penniform grpups of brilliant hard needles, which are insoluble in 
cold water, and sparingly soluble even in boiling water. When 
exposed to an atmosphere containing traces of ammonia it 
acquires a rose tint. Uramil is freely soluble in dilute alkaline 
solutions at ordinary temperatures, and is deposited from them 
unaltered on adding an acid. But if its solution in ammonia 
be boiled, it * gradually acquires a rich purple colour, and on 
cooling deposits crystals of mureooid : — 

Uramil. Murexid. 

H3N + sTc^^NA) + O, = + 6 HO. 

If uramil be boiled for some time with oxide of mercury or of 
silver a similar change occurs ; the metallic oxide is reduced, and if 
the liquid be filtered while hot, beautiful crystals of pure murexid 
are deposited. An excess of the metallic oxide must be carefully 
avoided, otherwise the purple colour disappears, and alloxanate of 
ammonia is formed in the liquid. A solution of uramil in potash 
evolves ammonia when heated ; at ordinary temperatures it slowly 
absorbs oxygen from the air, acquiring a fine purple colour, and 
depositing crystals of purpurate of potash ; the liquid becomes 
neutral, and contains alloxanate and mesoxalate of potash. 

(1393) Thionuric Acid (2HO, CgHgNgOe, 2802). — If an 
aqueous solution of alloxan be added to a solution of sulphite of 
ammonia containing a considerable quantity of free ammonia, and 
the mixture be boiled for a few minutes, the ammonia and sul- 
phurous acid unite with the elements of alloxan. As the liquid 
cools, a beautiful salt, termed thionurate of ammonia, is deposited ; — 

Alloxan. Tbionurate of Ammonia. 

CsHaNaOe + 2 SO^ ^ 3 H3N = a H,NO, 2 SO^. 

By adding a solution of apetate of lead to the solution of this salt, 
an insoluble gelatinous thionurate of lead is procured^ which on 
standing becomes converted into concentric groups of delicate 
needles. This precipitate, on being decomposed by sulphuretted 
hydrogen, gives pure thionuric acid, which may be obtmued by 
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evaporation at a gentle heat, crystallized in slender needles. * Its 
aqueous solution may be preserved unchanged at ordinary tempe- 
ratures, but it undergoes decomposition when boiled ; sulphuric; acid 
being formed, whilst silky crystals of uramil are deposited. The 
thionurate of ammonia gives a pale yellowish brown precipitate 
with salts of copper. It gives no precipitate in acid solutions 
with salts of baryta, but a white one in neutral solutions : when 
mixed with nitrate of silver the metal is gradually reduced, and 
forms a mirror-like coating on the sides of the vessel. 

(1394) Murexidy or Purpurate of Ammonia (C^4Hi2NioOig ?) — 
There are various modes of forming this beautiful compound. 
The decomposition of uramil by ammonia under the influence of 
oxygen, and by the action of oxide of mercury, have been already 
mentioned (1392). Another advantageous method of preparing 
murexid consists in adding alloxan to an ammoniacal solution of 
uramil. If the formula given for murexid be correct, this reaction 
must be attended with the absorption of oxygen : — 

Uramil. Alloxan. Murexid. 

5 H3N + 2 O + J + 12 HO. 

Murexid may also be obtained by adding a solution of carbonate 
of ammonia, drop by drop, to a boiling solution of alloxan, until the 
liquid has a slight ammoniacal odour ; the solution then acquires 
a beautiful purple tint, becomes turbid, and on cooling deposits 
crystals of murexid. Murexid may also be prepared on a small 
scale by dissolving 4 grains of alloxantin and 7 of hydrated 
alloxan, in half an ounce of boiling water, and mixing the solu- 
tion whilst hot with 80 grains of a cold saturated solution of car- 
bonate of ammonia; brisk efiervescence ensues, and a splendid 
purple liquid is produced, which on cooling deposits magnificent 
green crystals of murexid, with a golden lustre. These crystals, 
when heated to 212®, lose yater to the extent of 3 or 4 pdr cent. 
Its brilliant colour is speedily destroyed by sulphuretted hydrogen, 
as well as by free ammonia. Murexid is but sparingly soluble in 
cold water, to which, however, it communicates its intense purple 
colour ; hot water takes it up more freely. 

When the solution of murexid is mixed with salts of lead, of 
baryta, and of silver, it yields purple precipitates. Dilute acids 
decompose the crystals of murexid, and cruse the separation of scales 
of a sparingly soluble yellowish substance, termed murexan, which, 
in all probability, is an impure form of uramil ; the solution con- 
tains a mixture of alloxan and alloxantin. 

Murexid is a body resembling an amide in composition. The 
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exacl composition of this compound is not accurately established, 
but the formula above given agrees with the analyses of Liebig 
and Wohler, Fritsche, from his ^periments, represents its compo-* 
sition by the somewhat improbable formula (CieHgNeOu), which 
does not explain the mode of the formation of murexid. 

Test for Uric Acid . — Advantage is taken of the formation of 
murexid, in order to detect very minute quantities of uric acid by 
the action of nitric acid. In applying this test, the substance 
supposed to contain uric acid is heated on a slip of glass with a 
drop of nitric acid, and evaporated cautiously to dryness. If uric 
acid be present, the residue has a red colour, which is converted by 
exposure to the vapour of ammonia into a fine crimson, and the addi- 
tion of a drop of a solution of potash developes a splendid purple 
colour, wliicli disappears on the application of heat, with extrica- 
tion of ammonia. 

(1395) AUantoin (C4H3N2O3 or CgHeN^Og). — This is a body 
which occurs in the allantoic fluid of the cow, or in the urine of 
the foetal calf, but it may also be procured by the oxidation of 
uric acid. For this purpose, i part of uric acid must be sus- 
pended in 20 parts of water, and raised to the boiling point ; finely 
levigated peroxide of lead is then to be added in small quantities 
at a time to the boiling liquid, until tlie oxide ceases to change 
colour. The peroxide of lead is reduced to the state of protoxide, 
arid a brisk effervescence occurs, owing to the escape of carbonic 
acid, whilst oxalic acid is precipitated in combination with prot- 
oxide of lead ; the supernatant liquid is colourless, and on 
filtering it and allowing it to cool, hard brilliant prismatic crystals 
of allantoin are deposited. Upon further concentration of the 
solution, fresh crystals of allantoin are obtained, and when the 
mother liquid has been evaporated until it acquires a syrupy con- 
sistence, crystals of urea are deposited. The reaction which attends 
the fft’mation of allantoin is not well understood, and the equations 
hitherto given do not satisfactorily account for all the products. 
Liebig and Wohler consider the reaction to be as follows (doubling 
the proportions given by these chemists to allow of doubling the 
equivalent of allantoin): — 

Urio Acid. OzaUte of Lead. 

a (» HOAoHjNA' + 4 PbO, + 6HO * a ( aPbO.C.O,) 

Allantoin. Urea, 

4- + M^H4NA)- 

The carbonic acid arises probably from the oxidissing action of 
the peroxide of lead upon the oxalate at the moment of its forma- 
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tion. Pelouze has however shown that the decomposition is in 
reality more complicated than it appears to be from the foregoing 
equation. ^ ^ 

Allantoin is a neutral, tasteless substance, sparingly soluble 
in cold water, but freely soluble in boiling water. It shows but 
small tendency to combine with other bodies ; but a compound 
of allantoin with oxide of silver may be obtained by mixing a 
boiling solution of allantoin with one of nitrate of silver, and 
adding ammonia drop by drop ; a white precipitate (CgH 5 AgN 40 ({) 
is thus occasioned. It is f)robable, therefore, fhat the usually 
^received equivalent of allantoin should be doubled. When allan- 
toin is boiled with solutions of the alkalies, it undergoes decom- 
position, ammonia being evolved whilst oxalic acid is formed : — 

Allantoin. - Oxalate of Pot asii. 

2 H04-4 (KO, HO )=4 H 3 N 4-2 (^'kO, C^O^. 

Allantoin is readily decomposed by simple elevation of tempe- 
rature : when its aqueous solution is heated in a closed tube to 
about 280 ° F. it is resolved into a new acid, allanturic acid (HO, 
CioHqN^Oq ; Pelouze), and into carbonate of ammonia ; both these 
substances being produced from the elements of allantoin by the 
assimilation of the elements of water : — 

Allantoin. Allant uric Acid. Carbonate of Ammonia. 

+ 12 HO = 27ho, CioH^i^Oy) +7(H4N0, C0,)7 

Allantoin also assimilates M ater and is transformed into allan- 
turic acid by heating it gently with nitric acid, or with hydrochlo- 
ric acid, and urea is at the same time formed : — 

Allantoin. Allanturic Acid, Urea. 

3 '(CySA) + 4 HO^= 2 (HO, c7oHeN,(5) 

Pelouze considers that the nrea found in the mother liquors, 
obtained during the preparation of allantoin from uric acid by 
means of peroxide of lead, is due to this secondary action ; this, 
however, is very doubtful. 

Allanturic acid is a white deliquescent substance, which gives 
white precipitates with nitrate of silver and with the acetates of 
lead ; these precipitates are soluble^ in an excess of these salts, as 
well as in free allanturic acid. 

When allantoin is digested for some days with a concentrated 
solution of potash, then mixed with acetic acid in excess, and 
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LANTANURIC ACID XANTHIC OXIDE. 


treated with a solution of acetate of lead, an insoluble lead salt 
of a new acid, termed hidantoic acid (HO, C8H8N4O3? Schlieper), 
is foijnied. Tlie normal acid contains the elements of two equiva- 
lents of allantoin with three additional equivalents of water. Its 
anhydride is polymeric with oxamide. 

Lantanuric Acid (IIO, C^H^NgOg?) is the name given by 
Schlieper to a result obtained by adding the powdered uric acid 
to a solution of ferrideyanidc of potassium and hydrate of potash 
at ordinary temperatures. Under these circumstances the red 
prussiate is rapidly converted into the yellow prussiate of potash, 
whilst oxygen is liberated, which, in its nascent condition, attacks 
the uric acid ; Kg, FcgCyg -f KO = % (Kg, FeCyg) + O. Allantoin 
and carbonic acid are first produced, — 

Uric Acid. Allantoin. 

2 HO, + Og + 2 HO = CyllgN^^Og 4- 2 COg, 

and the allantoin combining with an additional quantity of water 
is resolved into lantanuric acid and urea : — 

Allantoin. Lantanuric Acid. Urea. 

cJigNA + 3 no = HO, CgHAOg 4 - SlJvC 

It is possible that lantatiuric acid may be identical with the 
allanturic acid of Pelouze: it is a deliquescent substance, which 
forms a wdiitc insoluble salt with oxide of lead, and its properties 
agree very closely with those ascribed by Pelouze to allanturic 
acid, rcsjiectiiig the analysis of which no details have hitherto 
been published. 

(1396) A few other substances will now be noticed which ex- 
liibit some relation, either in their composition or their origin, to 
uric acid ; viz. : — 

Xantliic oxide C^oH^NA 

- llypoxanthiii CigH^NA 

CioHgNgOg 

Cystin Cg rigNO^Sg. 

Xantliic or XJric Oxide (UigIl4N404) was discovered by Dr. 
Marcet as the principal constituent of a very rare variety of urinary 
calculus. Gdbel has since found it in some oriental bezoars ex- 
tracted from the inte;aunes of certain ruminating animals. The 
concretions which contain ^anthic oxide are of a pale brown colour ; 
they have a polished surface, and a lamellar fracture. These calculi 
are readily soluble in a solution of potash j and on neutralizing the 
alkaline solution with an acid, xantliic oxide is precipitated in the 
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form of a white powder, which is insoluble in water, alcohol, and 
ether. It acquires a waxy lustre on friction with a hard body. 
Hydrochloric acid does not dissolve it, but it is soluble in nitric 
acid without effervescence : the solution, when evaporated, leaves 
a lemon-coloured residue (hence the name xanthic, from 
yellow). This residue does not become red by the action of am- 
monia. When distilled, xantliic oxide yields hydrocyanic acid and 
carbonate of ammonia, but no urea. It contains two equivalents 
of oxygen less than normal uric acid. HypoxanUihi 
contains two equivalents of oxygen less than the preceding com- 
pound. It was found by Scherer in the liquid contained in the 
substance of the spleen both of man and of the cow. Ilypoxanthin 
is a white powder, which is neaj*ly insoluble in water, but soluble 
in a dilute solution of potash ; it is attacked by nitric acid with 
evolution of gas, and leaves a crystalline residue. 

Gv^anine (CioH^^NgOa) was obtained by Unger from guano; it is 
also found to constitute the principal portion of the excrement of the 
garden spider {Epcira dladeiuu). In order to obtain it from guano, 
this substance must be boiled* with milk of lime until the liquid 
shall have acquired a ycllowush-greeii^ tint instead of a brown 
colour. The liquid must then be filtered and neutralized with 
hydrochloric acid. The guanine is slowly deposited, mixed with 
uric acid, and assumes the form of a tlesh-colouj’ed precipitate. 
This precipitate, when boiled with hydrochloric acid, gives iqj the 
guanine, and on cooling, a compound of this body with hydro- 
chloric acid is obtained in crystals : the acid may be removed by 
digestion with ammonia. Certain specimens of guano wc e found 
to yield nearly 6 per cent, of this substance. Guanine forms a 
yellow powder which is insoluble in \»^ater, alcohol, and ether. It 
appears to possess the properties of* a feeble base, and is soluble in 
hot dilute acids, forming instable compounds with them. Guanine 
forms both neutral and acrid salts, the neutral compound with hydro- 
chloric acid being [3 HCl), 7 Aq], and the acid salt 

(G10H5N5O2, 2 IICl) ; both of them lose the whole of the acid on 
being heated to 392°. Other salts of guanine contain three equiva- 
lents of the base and four of acid. Guanine foi’ms a crystallizable 
double chloride with bichloride of jdatinum (C10H5N5O2, HCl, 
2 PtCl2, 4 Aq). Guanine also combines with the alkalies, and is 
more soluble in alkaline solutions than iif the acids. It is readily 
oxidized by a mixture of chlorate of potash and hydrochloric acid, 
yielding oxalate of ammonia and a small quantity of a crystalline 
compound (C^JlgN^Oo), named peruric acid by Unger. This sub- 
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stance is colourless and tasteless, and crystallizes in tufts of 
rhombic prisms. 

tlystin, or Cystic Oxide (C^jH^NO^Sg). — This substance consti- 
tutes a rare form of urinary calculus. Calculi composed of it 
are semi-transparent and of a brownish-yellow colour, and crys- 
talline texture. Cystin is insoluble in water, alcohol, and ether, 
but it is dissolved by the stronger acids, such as the sulphuric, nitric, 
hydrochloric, and phosphoric. It is also freely soluble in alkaline 
solutions, whether caustic or carbonated, from which it can be pre- 
cipitated by the addition of an acid such as the acetic. It may 
readily be obtained crystallized in hexagonal plates by allowing its 
ammoniacal solution to evaporate spontaneously. When heated 
it does not melt, but is decomposed, emitting a peculiar foetid 
odour. Cystin contains 25* 5 per cent, of sulphur. 

Kynurenic Acid is the name given by Liebig to a peculiar acid 
found in the urine of the dog. It forms very light, silky, colour- 
less, delicate needles, which are soluble in alkaline solutions, 
nearly insoluble in water, and insoluble in alcohol and ether. It 
is soluble in hot dilute acid solutions, and is deposited from them 
on cooling. It combines with the alkalies, forming soluble crys- 
talline salts. Kynurenic^ acid does not appear to contain nitrogen. 
Its composition has not been ascertained. When heated in a small 
tube it yields a crystalline sublimate, and leaves scarcely a trace of 
any carbonaceous residue. 


CHAPTER XI. 

ALBUMINOID AND GELATIGENOUS PRINCIPLES. 

(1397) The greater number of the compounds of organic chemis- 
try which have hitherto occupied our attention, are destitute of 
organic structure; they contain in each of their constituent or 
equivalent molecules only a moderate number of elementary atoms, 
in which respect, they differ from the compounds which remain 
to be described, since these are of a much more cpmplex character. 
These bodies enter into the formation of the organized textures, and 
are destitute of crystalline character. The most important of these 
substances, viz., fibrin and albumen, occur both in plants and in ani- 
mals. The proportion of these compounds in the solid and liquid com- 
ponents of the organs of plants is but small, but they are never en- 
tirely wanting in some portion or other of their organism. They are 
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most abundant in the seed. These substances abound, however, 
in the animal tissues, and constitute their most remarkable and 
distinctive ingredients. Owing^to the complexity of their compo- 
sition no satisfactory rational formula can at present be assigned 
to any of these azotised bodies ; and, owing to their indisposition 
to crystallize, great difficulty is experienced in obtaining them in a 
state of purity, and of ascertaining when they are really free from 
foreign admixture. All of them contain sulphur amongst their 
components, though the proportion of this element never exceeds 
2 per cent. * 

These azotised compounds may be subdivided into two groups : 
of these the more important is termed the proteic or the albuminoid 
group, owing to the general resemblance of its members to albu- 
men or white of egg ; if comprises albumen, fibrin, casein, and legu- 
min, in which the proportion of carbon to nitrogen is that of 
eight equivalents of the former to one of the latter. The second 
group is the gelatigmous : it comprises gelatin, chondrin, and 
ossein. 

(1398) Products of the Oocidation of the Proteic and Gelatigenous 
Groups , — When these azotised substances arc submitted to the 
gradual action of oxidizing agents, they furnish a great variety of 
products, which, however, belong to 4R three principal groups ; 
viz., to the acetic, the benzoic, and the (cyanic series. Amongst 
the volatile products furnished by treating albuminoid substances 
with a mixture of bichromate of potash and sulphuric acid, or 
with a mixture of peroxide of manganese and sulphuric acid, 
Guckclberger (Liebig^s Anual.y Ixiv. 39) obtained the following 
products, besides others which have not been specially identified ; — 


Formic acid 
Acetic acid 
Propionic acid 
Butyric acid 
Valeric acid 
Caproic acid. 


Acetic aldchyd Benzoic acid 

Propionic aldchyd Hydride of benzoyl. 

Butyric aldehyd. 

Hydrocyanic acid 

Valeronitrile. 


The volatile products of oxidation are the only ones which have 
as yet been fully examined. The most abundant of these products 
are the series of volatile acids : next to these the products of the 
benzoic series occur in the largest quantity, whilst the hydro- 
cyanic is obtained in the smallest quantity. The proportion in 
which these substances are formed varies according as casein, fibrin, 
albumen, or gelatin has been the body submitted to oxidatiom 
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Gelatin yields the largest quantity of formic, acetic, and valeric acids 
(Schlieper, Liebig’s Annul., lix. i). Fibrin gives the largest pro- 
portion of butyric acid, and casein yields the compounds of benzoyl 
in greatest abundance. There can be no doubt that these bodies 
originate in more complex organic products, which are the first 
results of the breaking up of these complicated azotised substances. 
Thus leucine and tyrosine arc amongst the products obtained in an 
early stage of the reaction, and they break up into valeric acid, 
ammonia, and probably other compounds. When the protcic and 
gelatigenous substances are fused with hydrate of potash they yield 
leucine and tyrosine, together with variable quantities of acetate, 
valerate, and other salts of potash, which belong to the series of 
fatty acids. 

(1399) Formation of Urea from Albuminoid bodies . — According 
to B&hamp {Ann. de Chimie, ITI. xlviii. 352), urea may be ob- 
tained in the following manner by the oxidation of albuminoid 
substances: — Ten parts of the albuminoid body (supposed to be 
freed fron moisture) are to be diffused through 300 parts of 
water, and 75 parts of permanganate* of potash to be gradually 
added. A rapid reduction of the permanganate commences at 
ordinary temperatures ; by degrees the temperature must be raised 
to about ijc°, and \cry diSfce sulphuric acid must be added cau- 
tiously, so that the excess of alkali shall be neutralized as it is 
formed, taking care, however, that the liquid shall always preserve 
a slight d(*gree of alkalinity. As soon as the colour of the perman- 
ganate has disappeared, the liquid is to be filtered and accurately 
neutralized by tlic addition of sulphuric acid. It must then be 
evaporated on a water-bath, and the syru])y residue thus obtained 
treated with strong alcohol ; the alcoholic liquid is next to 
be decanted from the sulphates of potash and ammonia, concen- 
trated till it acquires the consistence of honey, and then treated 
with absolute alcohol, which dissolves the urea. In the first stage 
of this oxidation the liquid acquires a gelatinous consistence, but 
it again speedily becomes liquid. An azotised acid, the nature of 
which has not been ascertained, is formed in the earlier part of 
the process ; neither acetic nor valeric acid is produced, and if the 
operation be conducted with due care, no gas is liberated. A 
portion of the nitrogen is found in the liquid in the form of am- 
monia, as well as in that of urea. If the excess of alkali be not 
neutralized as the operation proceeds, a higher temperature is 
necessary to effect the oxidation, and but little urea is formed, 
since it undergoes decomposition at the moment of its for- 
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mation. Care must also be taken to avoid the presence of an 
excess of tlie permanganate, otherwise the whole of the nitrogen 
appears in the form of ammonia. The fibrin of the blood appears 
to furnish urea more readily than either albumen or gluten. 

§ T. The Proteic or Albuminoid Group. 

(1400) It has been already stated that the more important 
members of this group are albumen, fibrin, casein, and legumin, 
but it comprises several modifications of thesc^ bodies of minor 
importance, such as globulin and vitelliii. Tlie difTercnt forms of 
mucue also exhibit a close relationship to the compounds of this 
division. 

Albumen is the characteristic ingredient of white of egg, and 
of the serous portion of the blood. Fibrin is the principal consti- 
tuent of muscular tissue, and is that component of the blood 
which occasions its spontaneous coagulation ; casein is that con- 
stituent of milk which is separated in the form of curd on 
the addition of an acid ; it is the essential component of cheese. 
Legumin is abundant in the seeds of the leguminous plants, 
such as peas, beans, and lentils. Liebig regards legumin as 
identical with casein ; but many other chemists consider that it lias 
hitherto been found only in the \ c^etablc kingdom, and casein only 
in the animal : albumen and fibrin arc, however, gencrjilly admitted 
to occur in both divisions of the organic creation. No animal 
can continue to subsist upon food in which these azotised sub- 
stances arc entirely wanting. This circumstance is explained 
by the important observations of Liebig, who first clearly 
insisted upon the fact that none of these proteic principles are 
ever produced by the animal organism : they are elaborated in 
the growing plant, and are merely assimilated by the animal in 
the process of dig stion. The proteic principles furnish those 
essential ingredients of the blood which are concerned in repairing 
the soft azotised portions of the body, such as the muscular and 
nervous tissues, as they become effete : hence the proteic principles 
have been termed the plastic materials of nutrition, in order to 
distinguish them from other portions of the food which, like starch 
and fatty matters, are especially needed for maintaining the func- 
tion of respiration, and which have been termed the respiratory 
materials of the food. It will, howev(Sr, be necessary to consider 
the components of food more in detail (1457) after the properties 
of the albuminoid principles have been discussed. 

The albuminoid principles may be preserved in a dry state 
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for an indefinite period without change, hiit if exposed to the air 
while moist, they gradually putrefy and emit a sickening odour. 
According to Lehmann, among the products of putrefaction are 
always to be found carbonate, butyrate, valerate, and hydrosulphate of 
ammonia, together with leucine and tyrosine. The readiness with 
which the albuminoid bodies putrefy and undergo spontaneous 
chemical changes when moist is one of their most striking charac- 
ters. Synaptase, diastase, pepsin, and other ferments are con- 
sidered by Liebig to be modifications of alSumen in particular 
states of decay ; and yeast itself, although an organized structure, , 
is supposed to owe a part of its remarkable power of e>^iting 
fermentation, to the presence of azotised matter, which is under- 
going definite transformation, although the nature of the change is 
but little understood. If albuminoid matters be heated in close 
vessels, they first swell up and fuse, then blacken, and emit a large 
quantity of foetid empyrcumatic products, among which ammonia 
and sulphuretted hydrogen are always present ; and they leave in 
the retort a porous, brilliant, carbonaceous mass. When inci- 
nerated they leave a notable amount of ash : this varies in quantity 
in diflerent cases, but it always contains phosphate of lime. 

(1401) All of these albuminoid substances arc capable of 
existing both in a soluble and an insoluble form. In the animal 
fluids they occur in the soluble modification, whilst in the solid 
parts they frequently are found in the insoluble condition. The 
power of thus existing either in the solid or in the liquid state 
is of the greatest importance to the operations of animal life. 
It is necessary that these essential constituents of our frame 
should be able to exist in solution, in order that by the circula- 
tion of the blood they may be carried into every part of the body ; 
and it is also necessary that they should be able to assume a 
solid form, to prevent the circulating fluids in their course from 
dissolving and washing away the delicate organs through which 
they pass. 

These albuminous principles, either in their soluble or their 
insoluble condition, are readily dissolved by the aid of a gentle 
heat in a solution of potash or of soda : the addition of an acid to 
this liquid so obtained causes the separation of a greyish flocculent 
precipitate, termed by Mulder protein, while a slight odour of 
sulphuretted hydrogen is emitted, and a small quantity of phosphoric 
acid is also found in the solution. This precipitation is best effected 
by means of acetic acid, since the mineral acids are obstinately 
retained by the flocculi. When either of these principles, in 
its soluble form, is evaporated at a gentle heat, it yields a semi- 
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transparent friable mass, nearly insoluble in alcohol and ether. In- 
deed, the addition of alcohol .to the aqueous solutions causes their 
coagulation. Their aqueous solutions are also precipitated by the 
addition of solutions of the salts of copper, of lead, and of mer- 
cury, as well as by infusion of galls. 

Concentrated sulphuric acid dissolves the albuminoid substances 
with a brownish red colour, but the most characteristic tests for 
the proteic bodies arc afforded by nitric and hydrochloric acids. 
Concentrated nitric acid produces in their solutions a coagulum of 
bright orange colour, and gradually dissolves it with efferves- 
cence, or if they be in the insoluble condition, the tissue is stained 
yellow, and is slowly dissolved. Mulder considers this yellow 
substance to be a distinct compound, and names it xanthoproteic 
acid. Concentrated hydrochloric acid when gently warmed with 
albuminoid solutions produces a milk-white coagidiim, which it 
dissolves slowly, forming a blue or violet-coloured liquid. It may 
farther be stated that acids generally produce coagulation of albu- 
minoid substances when in solution, but that (with the exception 
of the metaphosphoric) when added in excess they redissolve the 
coagulum. On diluting these acid liquids with a moderate quan- 
tity of water, a precipitate occurs, but it disappears if the dilution 
be carried still farther. These acid solutions give a precipitate 
with the ferrocyanidc and with the ferrideyanide of potassium, 
though the aqueous solution does not. Millon proposed to 
test for the protein-compounds by moistening the tissues supposed 
to contain them, with a solution of two parts of mercury in four 
of nitric acid, of sp. gr. 1*40. On the application of a tempera- 
ture a little below that of boiling water, an intense red colour is 
developed, which is not destroyed by boiling with w^ater, nor by 
exposure to the air. The gelatinous tissues, however, produce a 
similar coloratiou. This red colour is so intense that it may be 
perceived on adding the mercurial solution to a liquid containing 
not more than totoVo oth of its weight of albumen. 

Both albumen and fibrin contain a small quantity (less than 
2 per cent.) of sulphur and of phosphorus ; casein likewise con- 
tains sulphur, but the phosphorus is absent. It is owing to the 
presence of sulphur that putrid eggs possess their peculiarly 
offensive odour. The sulphur is in the unoxidized condition, 
and this probably is also the case with the phosphorus. By the 
action of a solution of potash, both these elements are in great 
measure removed from the organic body, and when the alkaline 
liquid *^is neutralized with an acid, the protein is precipitated, 
wliilst the phosphorus and most of the sulphur remain in the 
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solution. The presence of unoxiflized sulphur in the super- 
natant liquid may be shown by adding to the cold solution in 
potash^ of one of these compounds (albumen for example), 
a few drops of a clear solution of oxide of lead in potash, formed 
by adding an excess of potash to a solution of acetate of lead. 
On applying lieat to the solution, the albumen is decomposed, its 
sulphur is removed, whilst sulphkle of potassium and hyposulphite 
of potash are produced ,*48-1-3 KO = 2 KS + KO, S2O2 : the sul- 
phide immediately shows itself by forjning a brown precipitate of 
sulphide of lead, which renders the liquid dark-coloured and 
opaque; PbO -h KS = PbS -h KO. The phosphorus becomes 
oxidized and converted into phosphoric acid ; it remains in the 
liquid, in which it may be discovered by the appropriate tests. 

Many chemists, including Gcrhardt among the number, 
regard all the substances of the albuminoid group as chemically 
identical, and as resulting from the combination of a single prin- 
ciple, which presents the characters of a feeble acid; the modifica- 
tions in properties which it exhibits under the various forms of 
albumen, fibrin, and casein, being due to its comlhnation with 
different bases, or saline bodies. This hypothesis, however, though 
probable, lias not been actually proved to be true, and in the 
])rcsent state of science it is necessary to regard tlicse bodies as 
distinct substances, which arc convertible by vital processes one 
into the other, but each of which has its own peculiar functions 
ill the organism. 

The original view of Mulder was, that albumen, fibrin, and 
casein were derivatives of one fundamental azotised princi])lc, 
wdiieh he termed protein ; and tliat this substance by its union with 
different proportions of sulphur and of pliosiihorus, gave rise to the 
different modifications of the albuminoid group. Liebig has, 
liowevei’, shown that Mulder^s protein always retains a small but 
variable amount of sulphur, and he denies the existence of protein 
as a separate liody. It ajipears most likely that the substance 
termed protein by Mulder is merely the original body which was 
operated upon, but slightly modified in the course of the experi- 
ments, by the action of potash. The following table indicates 
the composition of 100 parts of protein according to the analysis 
of Mulder, and it gives a comparative view of the results of the 
analysis of albumen, fibrin,<iand casein,, by the same chemist, from 
which it is apparent that the composition of these bodies is such 
that mere ultimate analyses arc insufficient to distinguish between 
tliem. The analyses of legumin are discordant, and it iqppears 
doubtful whether Dumas and Cahours operated on a homogeneous 
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substance (1408). In all cases the ashes have been deducted pre- 
vious to calculating the composition in 100 parts : — 
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The numerous experiments upon fibrin^ albumen, and casein, 
made subsequently to these, by various chemists, completely con- 
firtn the accuracy of the results obtained by Mulder with these 
substances. 

(140a) Protein (CsgHajN.iOij = CjoHasKtOm, a HO ?). — 
Mulder still maintains the . existence of a substance free from 
sulphur, which he terms protein, and to which he assigns the 
formula above given. It has, hoAvever, never been procured free 
from sulphur. The gelatinous flocculi, obtained on neutralizing 
an alkaline solution of any albuminoid substance, if well washed 
and dried, furnish a yellowish, horny-looking, semi-transparent 
mass, which has, according to Mulder, the same composition, 
wdiether it be prepared from albumen, from fibrin, or from 
casein. Protein is destitute of taste and smell : it is insoluble in 
water, alcohol, and ether ; but in water it swells up and becomes 
gelatinous in appearance. The alkalies dissolve it, and deposit it 
unaltered on neutralizing the solution with an acid. In the 
mineral acids it swells ifp and forms a jelly which retains a por- 
tion of acid ; this acid jelly is insoluble in water, though an excess 
of the acid dissolves it, and deposits it unaltered on dilution. 
Diluted sulphuric acid if digested upon protein at 21^° for some 
hours gradually decomposes it, and produces amongst other com- 
pounds a quantity of leucine. 

When protein, or any compound which furnishes it, is boiled 
in water for several consecutive hours, the protein gradually 
combines with oxygen, and becomes ^ converted into a soluble 
substance, termed by Mulder terocc ide of protein and ammonia^ 
(H4N0,2C36Hji5N40,3, 3HO?): this compound is insoluble in alcohol 
and in ether. Its aqueous solution is precipitated by the mineral 
acids, by solutions of chlorine, of tannic acid, and by the salts of 
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lead, of sdver, of ainc, and of iron ; but not by ferrocyanide of 
potassium, or by salts of baryta. It forms neutral compounds 
with the alkalies ; but if boiled witb an excess of potash or of soda 
it emits ammonia. It is very probable that much of the material 
which figures in the analysis of animal products, as watery ex- 
tractive animal matter* consists of this body ; and if so, it forms an 
important substance in connexion with the metamorphosis of 
albumen and of fibrin into the products which are carried off by 
excretion from the system. 

When a current of chlorine is transmitted through a dilute solu- 
tion of albumen, a compound is separated in white flocculi, which 
Mulder regards as a definite compound of chlorous acid with protein. 
This substance when decomposed by ammonia, yields the ammo- 
niacal tcroxide of protein, just described. This same substance ap- 
pears to exist in the bvffy coat of the blood, which is formed upon 
the surface of the coagulum in blood drawn from patients suffcritig 
from certain acute inflammatory affections. In such cases, it 
is associated with an insoluble compound, originally described by 
Mulder as the hinoxide of protein. « The same chemist also re- 
gards this insoluble body as forming the principal constituent of the 
hair : it is of a yellowish colour, is soluble in alkalies, and is 
sparingly so in acetic acid. Mulder states that it is this compound 
which constitutes the insoluble residue obtained from fibrin after 
it has been boiled for many hours in water. It is probably similar 
to that found in horn ^ but the nature of this substance, and 
its relations to all)uuien, require further examination. Indeed, 
the existence of the whole of these protein compounds, as distinct 
principles, must be admitted to be very problematical. 

(1403) Albumen. — The properties of this body when in solu- 
tion are subject to considerable modification, according to the 
nature of the substances with which it is associated. The reac- 
tions of albumen from the white of the heu*s egg {ovalbumen) , 
therefore, differ in some respects from those afforded by albumen 
contained in the serum of blooil (seralbumen) , and this again from 
soluble albumen freed as far as possible from saline admixture ; 
and all of these forms of albumen differ slightly from the albumen 
contained in the urine as secreted in Bright*8 disease. 

Soluble albumen, in an <^queous solution, is a tasteless, somewhat 
glairy, colourless liquid, which exerts a left-lianded rotatory action 
upon a ray of polarized light. A solution of albumen is readily 
coagulated by heat, and by the addition of various saline and acid 
liquids. It may be evaporated to dryness at a temperature not 
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exceeding 120^ F., and may be preserved in the form of a yel- 
lowish, brittle, transparent mass, which is insoluble in Jilcohol and 
in ether ; but it may be slowly redissolved in lukewarm water ; 
the solution being greatly promoted by the addition of a small 
quantity of chloride of sodium or of any other salt of the alkalies. 
A considerable portion of the albumen is, however, always left in 
the insoluble form. If white o^ egg, or serum, be evaporated to 
dryness in vacuo ^ then powdered and digested in a small quantity 
of cold water, the greater portion of the soluble salts are dis- 
solved, and at the same time a considerable quantity of albumen 
is found in the liquid ; the residue, after being thus freed from 
its soluble salts, is almost insoluble. Albumen, in its purest form, 
has a slightly acid reaction upon litmus. 

The most remarkable peculiarity of albumen is its power of 
solidifying on the application of heat and of becoming insoluble. 
This coagulation begins at 140° F. ; the solution, if concentrated, 
sets into a gelatinous mass, as is seen in the common process of 
boiling an egg hard; but when the liquid is very dilute, it simply 
becomes turbid. The albumen may, however, be separated by 
ebullition, provided that the solution be neutral or slightly acid ; 
it then collects into flakes, which can be separated by filtration. 
Nothing is known of the cause of the coagulation of albumen 
by heat. When a solution of albumen containing alkali, such as 
serum or white of egg, is lieated, a small quantity of sulphiu* is 
separated, and the liquid becomes rather more alkaline from the 
liberation of a portion of the soda from the coagulated mass. 

Coagulated albumen, when dried, fornis hard, horny, trans- 
parent masses, of a yellowish colour. When plunged into cold 
water it absorbs four or five times its bulk of this liquid, and 
becomes opaque and elastic. It is not soluble in water, but by 
long boiling in open vessels it undergoes gradual decomposition, 
and a soluble compound is obtained, which has the composition of 
teroxide of protein and ammonia (140:2). If heated to 300° with 
a small quantity of water, in a sealed tube, the albumen is redis- 
solved, and furnishes a liquid which does not coagulate by heat, 
but which when acidulated with acetic acid gives a precipitate 
with ferrocyanide of potassium. 

Strong alcohol precipitates albumen from its aqueous solution ; 
but if the alcohol be rendered slightly alkaline by the addition of 
potash, no coagulation ensues. Ether, if free from alcohol, does not 
occasion the coagulation of albumen, although it renders its con- 
centrated solution viscid. Kreasote occasions its immediate coagu- 
lation. The concentrated mineral acids precipitate albumen in a 
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coagulated form, but gradually decompose it and dissolve it, 
acting upon it as they do upon the compounds of protein generally : 
oil oft vitriol dissolves it with a brownish red colour, nitric acid 
produces with it a lemon-yellow, and warm hydrochloric acid a 
violet- coloured solution after some hours^ digestion. Nitric acid 
precipitates it, and when dilute, docs not redissolve the pre- 
cipitate, Hydrochloric acid precipitates it and redissolves the 
coagiilum; the solution when poured into a small quantity of 
water becomes milky, but is rendered clear by the further addition 
of water. Dilute sulphuric acid produces no precipitate till the 
liquid is boiled : the clear solution in concentrated sulphuric acid 
is not precipitated when diluted with water. Metapliosphoric acid 
causes an immediate coagulation of albumen*; but the other varieties 
of phosphoric acid produce no such cflcct. Acetic acid, and the 
organic acids generally, except the modification of tannic acid 
which is contained in infusion of galls, do not produce any pre- 
cipitate in solutions of albumen. 

The solutions of albumen in the organic acids are not coagu- 
lated by boiling, but a pellicle gradually forms over the surface 
during evaporation ; the addition of a saline solution, such as sul- 
phate of soda or chloride of sodium, causes the albumen to separate 
from these solutions. The precipitates thus obtained are generally 
soluble in pure water; precijntated albumen is, therefore, not 
necessarily in the coagulated form. If a solution of white of egg 
be rendered accurately neutral by the addition of acetic acid, and 
then be diluted, flocculi of albumen are precipitated, but they are 
redissolvcd when treated with a solution of common salt or of nitre. 

Solutions of alum, and of many of the metallic salts, such as 
those of cop})cr, of lead, of mercury, and of silver, precipitate solu- 
tions of albumen. It is, therefore, useful to administer whites of 
eggs in ilie liquid form in cases where poisoning from swallowing 
any of the salts of these metals is suspected to have occurred; the 
remedy is a safe one, and it can do no harm ; whilst if the poison 
have really been taken, the albumen decomposes the salt, and 
generally enters into combination both wdth the acid and the base ; 
the albumen sheathing the stomach from the influence of the 
poison, wdiilst other measures are in preparation for effecting its 
removal from the system. 

Effect of Bases on Albipnen . — The presence of an alkali in 
liquids containing albumen considerably modifies the reactions; 
if the alkali be present in large quantity, the solution does not 
coagulate when heated, but a pellicle forms over the surface during 
the evaporation, thus exhibiting an appearance similar to that 
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observed when milk and other solutions of casein are exposed to 
the air whilst hot. 

Albumen forms definite compounds with the alkalies and other 
metallic oxides. Coagulated albumen is dissolved freely by solution 
of the alkalies, and in certain jjroportions it even neutralizes their 
action upon test paper. If a concentrated solution of albumen 
be mixed with one of potash, a gelatinous mass of albuminate of 
potash is formed, from whicli, l)y wasliing with cold water, the 
excess of alkali may be removed ; it retains 5*4 per cent, of 
potash (Lieberkuhn). If tlie gelatinous mass *l3e washed with 
•alcohol and then with water, it is insoluble in boiling water 
and also in boiling alcohol ; but if it be washed with cold 
water only, the residue is soluble both in boiling water and 
in boiling alcohol. The aqueous solution of albuminate of 
potash is not coagulated by boiling it, but on the addition of a 
small quantity of acetic, tartaric, or phosphoric acid, a white 
coagulum is produced, which is readily dissolved by an excess of 
acid. These characters resemble those of casein, and some che- 
mists have supposed that casgin is simply an albuminate of potash. 
The coagulum obtained by the addition of acetic acid to the 
solution of albuminate of potash, when well washed, furnishes 
nearly pure albumcir. It leaves sciircely any ash on incineration. 

The albuminate of soda resembles that of potash, and may be 
formed in a similar manne#. The animal iluids in which albumen 
occurs, such as the white of the egg and the scrum of the blood, 
are very slightly alkaline, the x)roportion of alkali not exceeding 
1*58 per cent, in ovalbumen (Lehmann). Even this small proportion 
renders the albumen more soluble, and prevents its comphite coagu- 
lation on boiling, a portion of albumen remaining dissolved and 
forming what is often termed albuminate of soda : and that portion 
of the albumen which docs coagulate does not collect into flocculi. 
The albuminate of soda may be readily decomposed by neutralizing 
it with acetic acid ; on afterwards boiling it, the albumen separates 
in coherent flocks. It is also to be remarked that the albumen may 
be made to separate from the slightly alkaline liquid by boiling it 
after the addition of a neutral salt, such as sulphate of soda, com- 
mon salt, or muriate of ammonia. These are points which require 
attention in the analysis of animal liquids, in which the quantita- 
tive separation of albumen is necessary, Gerliardt is disposed to 
view serum and the white of eggs as containing a definite bialbu- 
minate of soda, and adopting Lieberkuhn^s formula for albumen it 
would be (HO, NaO, C144II110N18S2O42, aAq). Such formul-cc, 
however, can only be regarded as approximations. 
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According to Lieberkuhn, the compound of albumen with 
oxide of silver is (AgO, HO, C144H110N18S2O42, a Aq) ; that of copper 
(2 CuO, Ci 4 iHnoNi 8 S 2042 , 2 Aq) ; the latter substance is soluble in 
an excess of solution of sulphate of copper. The compound of albu- 
men with oxide of lead is obtained by adding subacetate of lead to 
a solution of albumen ; it is readily decomposed by all the acids. 
The albuminate of mercury is formed when a solution of white of 
egg is mixed with one of corrosive sublimate : it is very insoluble 
in pure water, but it is dissolved by a solution of common 
salt. ' 

Preparation. — The preparation of pure albumen in the coagu- 
lated form may be effected by precipitating white of egg by means 
of hydrochloric acid, washing with the same acid in a diluted form, 
and then dissolving in water : this solution is precipitated by 
carbonate of ammonia ; the coagulum is washed, dried, and subse- 
quently powdered, after which it is digested in alcohol and in 
ether, in order to remove traces of adhering fatty matters. It 
may also be obtained by decomposing albuminate of potash by 
means of acetic acid. 

In the soluble form it is doubtful whether it be possible to free 
the albumen perfectly from salts. One method by which this 
object is nearly attained consists in neutralizing dilute white of 
egg with acetic acid ; the liquid is then evaporated to dryness in a 
platinum capsule at a temperature b^low 120®, after which the 
powdered residue is digested in very weak alcohol. 

Wurtz considers that a pure soluble albumen may be obtained 
in the following manner ; white of egg is well agitated with twice 
its volume of water and strained tlirough linen in order to remove 
the membranous flocculi ; the filtered portion is then mixed with a 
solution of subacetate of lead, in quantity insufficient to throw down 
the whole of the albumen. The copious precipitate thus obtained 
must be well washed, suspended in water, and decomposed by means 
of a current of carbonic acid gas, when the lead is separated in the 
form of carbonate, and the liberated albumen becomes dissolved. 
The solution is filtered through paper freed from saline matter by 
washing with a weak acid. It however retains traces of lead, 
which may be removed by transmitting sulphuretted hydrogen and 
heating the liquid to 140°, when the first flocculi of coagulated 
albumen which are thus fij^rmed carry with them the w^hole of the 
sulphide of lead, and may be removed by filtration. The liquid 
is finally evaporated at a temperature below 120°. 

No method is known by which the absolute purity of albumen 
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can be ascertained. Its combining equivalent is also uncertain, 
since it forms no definite compound upon the purity of which a 
decided opinion can be formed. 

Sources of Albumen , — Albunlen is a very abundant constituent 
of the animal body : it constitutes about 7 per cent, of the entire 
mass of the blood ; it is an essential component both of lymph and 
of chyle; and it is abundant in all serous exudations, although 
it is found in these fluids in smaller proportion than in the 
serum of the blood. It is also contained in large proportion 
in many of the soft solids of the body, as for fexample, in the 
brain, the kidneys, the liver, and the pancreas, in all of which it 
exists in the uncoagulated form. The liquid of the pancreas appears 
to be the only secretion in which it occurs in health. It is never 
found in the excreta except under the influence of disease : thus 
it is occasionally poured out from the mucous membrane of the 
bowels in cases of intestinal catarrh, and has been repeatedly found 
in the alvine dejections in cases of dysentery, as well as in those 
of Asiatic cholera. It is likewise often met with in the urine in 
acute febrile affections, as \ycl\ as in some chronic aftcctions of the 
heart, liver, and kidneys, especially in the disease known as morbus 
Brightii, Its occurrence in the ovum is general, and is familiarly 
illustrated in the case of the eggs of birds. 

The juice of many plants, sucli as that of carrots, turnips, and 
cabbages, when heated, becomes turbid, from the coagulation 
of a substance which analysis shows to have the same compo- 
sition as albumen, and with which it coincides in all important par- 
ticulars. Wheat flour likewise contains an azotised substance 
which is soluble in cold water, forming a solutioi' which yields 
greyish flocculi of albumen on evaporation. 

Paralbumen is the name given by Scherer to a substance ob- 
tained from the liquid of ovarian dropsy. Its solution is precipi- 
tated by alcohol, but he flocculi are redissolved by water at loo"^, 
and it is only imperfectly coagulated by heat. Many other varieties 
of albumen which have been described probably arise from the 
modifying effects of salts upon albumen. 

(1404) Globulin^ or Crystalling is a substance which closely 
resembles albumen. It occurs mixed with albumen in the cells 
of the crystalline lens in a very concentrated solution, forming, 
according to Simon, from 10 to 14 per cent, of the dry lens.* 

Lehmann, in his experiments upon this substance, appears not to have 
separated the albumen, and hence the description which he gives of it difiers 
from that of Simon, who removed this impurity. 

PART HI. U U 
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It also enters largely into the composition of the red globules of 
the blood, and has hence received its name. Globulin cannot be 
obtained in the soluble form free from salts. It may be extracted 
from the crystalline lens by rubbing up the lens in a mortar to break 
up the cells, evaporating to dryness at washing with ether 

and dilute alcohol to remove the fat, and then dissolving the 
crystallin out with hot alcohol, pf sp. gr. 0*915. A targe portion 
of crystallin separates on cooling ; after it has been dried it is 
insoluble in water, and it is precipitated from its alcoholic solution 
by diluting it with water. 

Globulin is distinguished from the soluble protein-compounds 
by the circumstance that it is precipitated both from acid and 
alkaline solutions by exactly neutralizing them. It rapidly putre- 
fies, and its solution when boiled emits ammonia. Its reactions with 
the mineral acids and with kreasote resemble those of albumen. 

Vitellin is the name which has been given to the albuminoid 
constituent of the yolk of the egg ; the yellow colour of the yolk 
is, however, due to an oil containing phosphoric acid, which is 
dissolved readily by ether, whilst the vitellin is coagulated. This 
reaction with ether, and the fact that its aqueous solution is not pre- 
cipitated by salts of lead and of copper, are the principal characters 
by which vitellin is distinguished from albumen. By its ultimate 
analysis it is found to contain more hydrogen and oxygen than 
albumen. The yolk of the egg contains 16 or 17 per cent, of 
this substance. According to the experiments of Valenciennes 
and Fremy, the composition of the azotised constituent of the 
yolk of the egg varies in difierent classes of animals. These che- 
mists have termed that obtained from the eggs of cartilaginous 
fishes, such as the ray, Icihin^ and that obtained from the eggs 
of the turtle, Emydin, 

(1405) Fibrin. — This substance, like albumen, occurs in two 
distinct states, the solid and the liquid, during the life of the plant 
or animal, but on removing it from the living organism it undergoes 
speedy, and so-called spontaneous, coagulation — a circumstance by 
which fibrin is at once distinguished from all other analogous sub- 
stances. It is contained in the blood in the liquid state, in a 
proportion not generally exceeding 2*5 parts in 1000, though it is 
liable to considerable variation in quantity under the influence of 
disease, being greatly increased in febrile and acute inflammatory 
aftections, especially in rheumatism and pneumonia, where it has 
been found as high as 11*8 parts in 1000. In anaemic diseases^ in 
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typhus, chlorosis, ^&c., it is frequently, but not uniformly, slightly 
diminished, though by long fasting it is somewhat increased in quan- 
tity. Lymph does not usually pontain more than 0*4 or 0* 5 -parts 
per 1000, In the chyle of animals it lias been found to vary 
from 07 to 7*0 per 1000. 

Fibrin, ^n the form of muscular tissue, constitutes a large 
proportion of the soft parts of s.nimals. It occurs in muscle 
arranged in bundles of fibres, and from this circumstance the name 
of fibrin derives its origin. Muscular fibrin, however, presents 
several points of difference from the fibrin obtained from the blood. 
’According to Liebig, fibrin may also be obtained from the juice 
of plants, and it exists in the gluten of wheat. 

Preparation, — Blood-fibrin may be obtained in a state of toler- 
able purity by whipping up freshly drawn blood with a bundle of 
twigs : in the act of coagulation the fibrin attaches itself in soft, 
white, opaque, elastic strings to the twigs, and may be afterwards 
washed clean by maceration and kneading in water till it is free from 
colour. When dry, fibrin forms a horny, yellowish, or grey solid. 

The reactions of fibrin m the solid form are similar to those 
of coagulated albumen, except that fibrin decomposes deutoxide 
of hydrogen with effervescence, whilst albumen produces no such 
effect ; but fibrin by long boiling in water is also rendered equally 
inert. When fibrin is heated to 300° with a small quantity of 
water, in a sealed tube, it is redissolved, and forms a solution which 
becomes coagulated by acids, and resembles that formed by albumen 
under similar circumstances. The coagulation of fibrin is prevented 
by allowing the blood, at the moment of its efflux from the body, to 
mix with solutions of certain salts, such as carbonate, or nitrate of 
potash, acetate, or sulphate of soda, and chloride of sodium. The 
fibrin of venous blood, before exposure to the oxygen of the air, is 
freely soluble in a solution containing about one-sixth of its weight 
of nitre, as well as similar solutions of the alkaline sulphates, 
acetates, phosphates, and chlorides. This solution becomes 
coagulated like albumen when heated, but is precipitated by 
acetic acid ; when exposed to the air, the solution absorbs 
oxygen and deposits insoluble flocculi. Fibrin is freely soluble 
in dilute solutions of potash or of soda, and the alkaline liquid pre- 
sents many of the characters of albuminate of soda, and on neu- 
tralizing the solution with acetic or phosphoric acid, the fibrin 
is re-precipitated : if the alkaline 8olti|ion be mixed with metallic 
salts it yields precipitates similar to those formed with albumen. 
The solutions, both of fibrin and of albumen, in acetic acid, 

u u 2 
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are precipitated on the addition of ferrocyanide of potassium, 
a character by which they are at once distinguished from gelatin, 
which gives no precipitate under similar circumstances. If the 
acetic solution of fibrin be neutralized by potash, it is precipitated 
by the same reagents as albumen, but it does not become coagu- 
lated when heated. There is a marked difference between the 
action of oxygen upon albumen and fibrin. SchereF found that 
when freshly drawn scrum, or white of egg, was exposed to the 
action of oxygen gas, confined over mercury, scarcely any absorp- 
tion of the gas occurs, and little or* no carbonic acid is evolved ; 
coagulated fibrin, on the other hand, when exposed in a moist 
state to the air, gradually absorbs oxygen, and emits carbonic 
acid, and in a few days becomes putrid. By long boiling in w^ater 
it is giadually dissolved, and becomes oxidized. Albumen is simi- 
larly altered. Analysis appears to prove that fibrin is a body 
which is more highly oxidized than albumen (see Table, p. 65 j) ; 
and coagulated fibrin, as it exists in muscle, is also more fully 
oxidized than that wdiich separates from the blood on standing. 
Lelimann^s view, that blood-fibrin is a stage of transition between 
albuminous matter and the animal tissues, is thus rendered highly 
probable. It appears also, from tlie analyx^es of Dumas and 
others, to contain about / })er cent, more of nitrogen than albumen. 

(1406^ Varieties of Fibrm , — The observations of Liebig on 
the diflerent forms of fibrin are inten sting. He finds that 
moist hloodfibriny if left under water in a warm place in a 
vessel loosely covered, putrefies, and gradually becomes dissolved ; 
in one of his experiments, after the fibrin had been msteerating 
foi a fortnight, a liquid was obtained, which coagulated when 
heated, and presented many of the characters of a solution of 
albumen. The solution likewise contained leucine, and acetic and 
valeric acid, besides some other acid substances, which have been but 
incompletely examined. Hydrosulphate of ammonia is also formed. 
If the w^ater in which the fibrin is digested ' ' previously mixed 
with onc-tenth of its bulk of hydrochloric acid, blood fibrin swells up 
slowly into a gelatinous mass, which, on the addition of a stronger 
acid, shrinks to nearly its original volume, and again swells up 
when put into water, but it does not form a true solution. 

The fibrin of muscle^ on the contrary, after it has been well 
washed and pressed, to free it from soluble matters, is dissolved 
more or less completely by dilute hydrochloric acid. If the acid 
contained in this solution b^neutralized by an alkali, a coagulum 
occurs, which is readily dissolved by an excess of alkali, or even 
by lime water ; this latter solution becomes coagulated, on 
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boiling, like white of egg. On the addition of ammonia to the 
solution of fibrin in hydrochloric acid, the muscle fibrin is preci- 
pitated, and may be purified ])y successive washings in water, 
alcohol, and ether. The muscle of different animals varies in solu- 
bility ; that of the fowl^ and of beef, was found to be almost wholly 
soluble, that of mutton was less so, whilst in the muscular fibrin 
of veal the insoluble portion amounted to nearly one-half — this 
residue contained the fat and the vascular portions, besides a 
quantity of fibrin wdiich i|;escmbled blood-fibryi in characters, 
/riie soluble portion was found to contain less nitrogen than the 
blood-fibrin. When fibrin is treated with acetic acid, and viewed 
by the microscope, it is found to consist of two portions, one of 
wlii(di is granular, and soluble in acetic acid, while the other is 
fibrous and insoluble. The proportion of these two com])onents 
differs widely in different specimens. Tlie ultimate composition 
of these two constituents appears to be very nearly the same. 

The portion of the gluten of wheat flour which is insoluble in 
hot alcohol, a\id in ether, is regarded by Liebig and by Dumas as 
coagulated fibrin. It is soluble in very dilute hydrochloric acid, 
like the fibrin of muscle. 

(1407) Casein is found abundantly in milk, of which it con- 
stitutes nearly 3 per cent. Its solutions do not become coagulated 
by Ijoiling ; they, however, present a reaction nearly as charac- 
teristic : the hot liquid gradually absorbs oxygen, and in conse- 
qiuuice, a pellicle, which is insoluble in Avater, is gradually formed 
upon the surface. 

Preparation. — Casein, in the soluble form, as present in milk, 
ap[)cars to owe its sedubility to the presence of a certain propor- 
tion of free alkali. It cannot ho obtained free from salts. If 
skimmed milk be evaporated to dryness at a gentle heat, and then 
digested with etljc, to remove the fat, on treating the residue 
with water, the lactose and a portion of the casein are redissolved, 
and, on the addition of alcohol, a cx)iisidcrable portion of the 
lactose is separated. The alcoholic liquid contains casein, still 
contaminated with lactose and with salts. 

Casein may he obtained in the coagulated form nearly pure 
by the following process : — Skimmed milk is to be curdled with 
dilute sulphuric acid. The curd, after being well washed with water, 
is to be dissolved in carbonate of soda, and sn fibred to stand undis- 
turbed for twenty-four hours or more, to allow the oil to rise 
to the surface ; this is to be skimmed off, and the casein again pre- 
cipitated by an acid, and well washed ; after repeating this opera- 
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tion a second time, the coaguliim is to be digested in alcohol and 
ether^ and again dried ; but it cannot be perfectly freed from' the 
saline matters, which adhere to it with great tenacity. 

Casein may also be obtained by coagulating skimmed milk by 
means of hydrochloric acid, and washing the curd first with water, 
then with water acidulated with ^ or 3 per cent, of hydrochloric 
acid, and finally with pure water ; a glutinous mass is thus obtained, 
which is slowly dissolved by digestion at iio^ in a large quantity 
of water. The solution, after being filtered, is precipitated by 
the cautious addition of carbonate of ammonia, the coagulum is 
washed with water, and then digested successively with alcohol 
and ether. 

Properties . — Casein in solution is immediately coagulated by 
acids. An excess of acetic or of oxalic acid dissolves the coagu- 
lum, but it is re-precipitated from its acetic solution on the addi- 
tion of one of the mineral acids. According to Bouchardat, 
water, containing i-aoooth of its weight of hydrochloric acid, 
forms with ^ casein a colourless solution, which produces left- 
handed rotation of a ray of polarized light. If these acid solu- 
tions be evaporated at a high temperature, a pellicle of insoluble 
casein is formed over their surface. Mulder considers that when 
the mineral acids are employed to coagulate casein, they form definite 
compounds with it, the acid may, however, be entirely removed 
by washing. With strong nitric, sulphuric, and hydrochloric 
acids, casein produces the same reactions as albumen ^ and its 
acetic solution gives a similar precipitate with fcrrocyanide of potas- 
sium. Soluble casein is sparingly soluble in cold alcohol, but more 
freely so in hot alcohol. The stronger acids produce no precipitate 
in this alcoholic solution, which, however, is immediately coagu- 
lated by infusion of galls. The solubility of casein in water is 
not destroyed by the action of alcohol, for‘tlie residue obtained on 
evaporating both the aqueous and the alcoholic solutions to dry- 
ness may be redissolved in water. 

Action of Bases and of Salts . — Coagulated casein is readily 
dissolved by solutions of the alkalies, and of the alkaline carbonates ; 
and if the solution be very feebly alkaline, the alkaline reaction 
may be completely neutralized by the casein. Solutions of com- 
mon salt, of nitrate of potash, and of muriate of ammonia, likewise 
dissolve casein with facility, and these solutions, when evaporated 
by the aid of heat, become covered with an insoluble pellicle. 
Casein also unites with the alkaline earths and forms compounds 
which are insoluble in water. If a piece of poor cheese, which 
consists principally of casein, be reduced to a paste with water, 



CASEIN. PREPARATION OP CHEESE. 


063 


and mixed with slaked lime, it produces a tenacious lute, which 
sets very hard, and may be used for cementing pieces of broken 
earthenware. In consequence of the tendency to the formatipn of 
these insoluble compounds, a solution of casein is precipitated by 
salts of lime or by sulphate of magnesia, upon the application of heat 
to the mixture: this reaction is very characteristic of casein. 
Most qf the metallic salts, such, for instance, as acetate and subace- 
tate of lead, sulphate of copper, subnitrate of mercury, and corrosive 
sublimate, occasion precipitates in the cold with solutions of casein. 

But the most important *and remarkable fornf under which the 
coagulation of casein occurs, is that which is produced by the 
secretion from the mucous membrane of the stomach. Advan- 
tage is taken of this in the manufacture of cheese, whieh consists 
essentially of the coagulated casein of milk. The coagulation is 
effected by means of the substance called rennet, which consists of 
the inner membrane of the fourth stomach of the calf, after it has 
been salted and dried. When milk is maintained for a few hours 
at a gentle heat in contact with rennet (or with an infusion of 
rennet prepared at a low temperature), the casein becomes entirely 
coagulated, carrying with it the fatty matters which were held in 
suspension by the milk, and leaving a clear straw-coloured liquid 
known as ivhey. It was at one time supposed that the rennet 
acted by converting the sugar of milk into lactic acid, and 
that the lactic acid was the real agent in effecting the 
coagulation, but this view is no longer tenable, for it appears 
that this coagulation occurs equally well with milk which has 
been purposely rendered slightly alkaline (Sclrai, Heintz), and 
with an aqueous solution of casein; the action of rennet is 
therefore as yet unexplained. The coagulum, or curd thus 
obtained, when submitted to strong pressure, forms cheese. 
This curd is dissolved with difficulty by alkaline solutions. New 
cheese has but littl ^ flavour; when kept for some time the fatty 
and nitrogenous substances undergo partial decomposition, and 
liberate ammonia, valeric and butyric acids, and other compounds 
which impart pungency to old cheese. 

Casein has not been detected with certainty anywhere but in 
the milk of animals, which contains it in very variable quan- 
tity' the amount depending greatly upon the period of lactation at 
which the milk is examined. Its amount also varies greatly in 
the milk of different species of animals. In the human female it 
has been found to constitute from 31 to 35 parts in 1000 ; in that 
of the cow, from 30 to 41 ; in that of the dog, from 80 to 145, 
and in that of the ass, from 19 to 23 parts in 1000. 
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(1408) Legumin , — The seeds of most leguminous plants^ as well 
as the sweet and the bitter almond, contain a substance which pre- 
sents a close analogy in properties with the casein of milk. Liebig 
indeed considers it to be identical with this substance, but the 
analyses of Dumas and Cahours indicate a difference in composi- 
tion between the two bodies. There is however some doubt 
whether the chemists last named operated upon a homogeneous 
substance. 

Legumin is usually extracted from peas or from almonds, by 
digesting the pulp of the crushed seeds in warm water for two or 
three hours. The undissolvcd portion is strained off by means of 
linen, and the turbid liquid is allowed to deposit the starch which 
it holds in suspension : it is then filtered and mixed with dilute 
acetic acid. A white flocculent precipitate is thus formed, which 
must be collected on a filter and washed. It is then dried, pow- 
dered, and digested, first in alcohol and afterwards in ether. In this 
form it was analysed by Dumas and Cahours. Rochleder however 
considers that it is not perfectly pure, since this substance is 
not entirely soluble in a cold concentrated solution of potash, which 
leaves a flocculent matter. The alkaline solution may be decanted 
from the undissolved flocculi, and again precipitated by the addMon 
of acetic acid. The legumin thus obtained is regarded by Rochleder 
as pure. 

According to Dumas and Cahours, legumin is precipitated from 
its concentrated solutions in pearly flocculi by the addition of 
acetic acid. It is redissolved by acetic acid in excess, and by 
many other vegetable acids ; it is also soluble in ammonia and in 
dilute solutions of the alkalies. It is insoluble in boiling w^ater, 
and in cold alcohol and ether. Cold w^ater dissolves it in con- 
siderable quantity, and the liquid, when heated to ebullition, 
deposits it in flocculi resembling those of coagulated albumen. 
Tlie aqueous solution of legumin obtained by digesting peas in 
water is not coagulated by heat, according to Liebig, but on eva- 
poration it forms insoluble pellicles resembling those yielded by solu- 
tions of casein Legumin is associated in the seed with considerable 
quantities of the phosphates of potash, of lime, and of magnesia. 
It is coagulated by rennet like the casein of milk, and the Chinese 
make a kind of cheese from peas and beans. Dried peas contain 
about one-fourth of their wejght of legumin, 

§ II. Gelatigenous Substances. 

(1409) The substances contained in the second group of assotised 
bodies have hitherto been found only in animals. Th^ contain a 
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smaller amount of carbon and a larger quantity of nitrogen than 
those of the protein group. The proportion of sulphur is also con- 
siderably less. The gelatigenqus bodies consist of two principal 
varieties ; viz., those which yield gelatin, and those which yield 
chondrin : neither gelatin nor chondrin appears to exist in the 
soluble form in the animal body, but it is in all cases the result of 
the prolonged action of boiling water upon the gelatigenous or 
chondrin-producing tissues. 

According to the rcsearcl^s of Mulder, of Scherer, of Frcmy, 
and of other chemists, the composition of gelatin is identical with 
that of the tissue which yields it by boiling. Chevreul found that 
a given quantity of tendinous matter when converted into gelatin 
by boiling it with water was not altered in weight. The following 
table exhibits the composition of gelatin, chondrin, and some gelati- 
genous tissues : — 



Fremy. 

Scherer. 

Mulder. 

Scherer. 

Casein. 

Sderotica. 

• 

/ 

Gelatin. 

Ckundrin. 

Cariiliige. 

Carbon . . 

l|ydrogen 
Witrogcn . 
Sulphur , 
Oxygen . 

5o‘4 

6-5 

10*9 

1 26*2 

50* I 

7*1 

18*7 

24*1 

50-40 

6-64 

i8'34 

24'62 

49 97 
6*63 

14*44 

0*38 

28*58 

50'S 

70 

14-9 

1 27 ‘<> 

100*0 

100*0 

100*00 

100*00 

100*0 


The quantity of nitrogen given in Fremy^s analysis of ossein is 
probably too low, for the same chemist found in it upon another occa- 
sion as much as 17*86 per cent, of nitrogen. Schlieper has shown 
tluit gelatin and the geL'itigenous tissues contain a small quantity of 
sulphur, amounting in isinglass co o*6 per cent. It will be ob- 
served that the composition of chondrin differs from that of gelatin 
in containing more oxygen and less nitrogen ; whilst the per- 
centage of carbon and of hydrogen is the same in both substances. 

(1410) Gelatin is an azotised principle- which hitherto has 
been obtained from animal substances only. Certain structures 
(the principal of which are the white fibrous tissue, the cellular 
tissue, the skin, the serous membranes, and the organic consti- 
tuent of bone), when boiled with water* yield a compound, which 
if the solution contain more than i per cent, of it, causes the liquid 
to gelatinize on cooling, hence its name of gelatin ; this substance 
does not appear to exist in a free state, but is developed Ify the 
action of boiling water upon the tissues above mentioned : its solu- 
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tion^ when evaporated to dryness, leaves a brownish-yellow trans- 
parent mass. Isinglass which is prepared from the inner membrane 
of the floating bladder of sturgeons and other fishes, when boiled with 
water, furnishes gelatin in a state of considerable purity. Glue is a 
variety of gelatin of inferior quality. Size, as prepared from parch- 
ment, is another form of gelatin which is met with in commerce. 

Gelatin softens and swells .up in cold water, but is not dis- 
solved until the liquid is warmed : it is insoluble in alcohol and 
in ether. It may be precipitated from its aqueous solution by the 
addition of an excess of alcohol, when it falls in white flocculi, 
which are nearly free from saline compounds. Its solution is 
without taste or smell : it is abundantly precipitated by solutions 
of corrosive sublimate, and of bichloride of platinum, as well as 
by the infusion of galls. The compound which gelatin forms 
with tannic acid is the basis of leather; it is of a buff colour, 
and is formed even in very dilute solutions. Albumen is also 
precipitated by the same solutions, but gelatin may be distin- 
guished from albumen, since it is not rendered turbid as albumen 
is, by the addition of ferrocyanidc of potassium to its solution in 
acetic acid. Salts of alumina, of lead, of copper, and of iron, do not 
produce any precipitates in a solution of gelatin, but if a solutiin of 
potash be added to the mixture of gelatin with alum, or with per- 
sulphate of iron, the subsulphatc of alumina or of iron which is 
formed carries down a large proportion of gelatin. In a dissolved 
condition gelatin soon becomes acid on exposure to air, and then 
loses its gelatinous character. Gelatin is capable of dissolving a 
considerable quantity of phosphate of lime. By the frequent boiling 
of its aqueous solution, gelatin is converted into an isomeric com- 
pound which does not possess the faculty of gelatinizing as the liquid 
cools. Chlorine precipitates gelatin completely, forming with it a 
peculiar white elastic compound which appears to consist of gelatin 
in combination with hypochlorous acid ; this compound when treated 
with ammonia, yields nitrogen, muriate of ammonia, and unchanged 
gelatin. Solutions of gelatin are not rendered turbid by the addi- 
tion of acids. Concentrated sulphuric acid dissolves gelatin without 
change of colour, and gradually converts it into glycocine, leucine, 
and some other bodies. Gerhardt found that when isinglass 
was boiled for some days with dilute sulphuric acid, sulphate of 
ammonia was formed, anc^ a considerable quantity of a saccharine 
body which was susceptible of the alcoholic fermentation. Nitric 
acid produces oxalic acid amongst other substances^ 

A solution of gelatin to which the alkalies have been added in 
small quantity loses its faculty of gelatinizing, but the liquid on 
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being neutralized gives no protein. Gelatin is decomposed by strong 
alkaline solutions ; at a boiling temperature ammonia is evolved, 
and leucine and glycocine are amongst the products. 

Chondrin differs from gelatin in composition : it is also co- 
agulated by the vegetable acids, such as acetic acid, as well as by 
alum, and by the neutral and the basic acetates of lead, none of 
which yield precipitates with gelatin. Most of these precipitates 
are soluble in an excess of the precipitant. 

Chondrin is obtained by boiling the cornea of the eye, or any 
of the permanent cartilages, with water for some hours ; it may 
also be obtained from the primary cartilages prior to ossification. 
Its solution gelatinizes on cooling. It is remarkable that when a 
permanent cartilage becomes ossified, it yields not chondrin but 
gelatin by boiling with water. 

Preparation of Glue and Size. 

(1411) The preparation of gelatin on a large scale gives rise to 
a branch of industry of considerable importance, viz., the manufac- 
ture of glue and size, • 

The strongest glue is obtained from the parings of ox-hides, 
and'^from the ears and refuse trimmings of thick hides in general, 
which yield from 45 to 50 per cent, of glue. These clippings are first 
steeped for some days in lime water, to remove the hair, the blood, 
and other impurities ; they arc then washed in cold water, and are 
placed ^to drain upon a sloping pavement, in layers of two or three 
inches thick, and are turned over once or twice a day : the quicklime 
thus absorbs carbonic acid from the air, and becomes converted 
into chalk ; so that the injurious. effects of lime at a boiling heat 
upon the gelatin are prevented. The washed clippings are next 
introduced into a copper furnished with a perforated false bottom 
which is filled to two-lhirds of its capacity with rain water; 
frequently the anima^ matters are put first of all into a coarse rope 
cloth, and the whole is placed in the cauldron, a precaution which 
prevents the portions of skin when they begin to gelatinize from 
.adhering to the bottom and sides of the boiler, and so becoming 
burned ; fresh portions of clippings are added as the animal matters 
gradually sink down into the liquid which is kept gently boiling. 
A still better method consists in boiling the liquid by the injection 
of steam under moderate pressure, by, which means the direct 
application of fire to the boiler is avoided. As soon as a portion 
of the liquid sets into a firm jelly ou cooling, the fire is checked, 
and the solution is allowed to run into a deep vessel or aettling 
back, where it is kept warm for some hours to allow the impuri- 
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ties to subside. The undissolved matters contained in the cloth are 
again boiled with water, and yield an inferior description of glue ; 
if boiled a third time they give a ^till weaker gelatinous product or 
size : the refuse, after this treatment, may still be advantageously 
applied as manure. 

From the settling back, the solution is transferred to long 
wooden boxes or coolers, in which it gelatinizes ; when sufficiently 
solid it is removed, cut into blocks, and each block is split by a 
wire frame intp slices. The slices of moist glue are then laid 
upon nets placed in a wooden frame, and are so arranged in lofts as 
to allow free circulation of air. These cakes of glue are turned 
over two or three times daily, and the marks which are seen upon 
the glue exposed for sale, are those left by the threads of thef nets. 
This operation of drying is the most delicate part of the manufac- 
ture, since at this stage much of the success of the operation 
depends upon the state of the weather. A sudden rise of tempera- 
ture niiglit liquefy the whole ; the occurrence of a fog might render 
it mouldy, or a frost might split all the cakes into fragments. 
Spring and autumn arc found to be the most favourable seasons 
for the manufacture of glue. After the drying has proceeded to a 
certain extent in the open air, the process may advantageously be 
sliortencd by the use of artificial heat from a stove. 

When glue is properly made, it should be of a pale brown 
colour, hard, brittle, and should break with a smooth, glassy 
fracture. Cold water docs not dissolve glue, but merely softens it, 
and causes it to swell up. 

Size is a less tenacious kind of glue, and is chiefly made from 
parings of parchment, and of the thinner kinds of skins. It 
is almost entirely used in the gelatinous condition, so that the pre- 
carious process of drying is dispensed with. Much of the gelatin at 
present sold in fine shreds for use in confectionary is obtained 
from clippings of hides, which are boiled with water till they form 
a very liquid size, which is allowed to become clear by standing, 
and is then dried in very thin sheets, and afterwards cut up into 
shreds. 

Preparntion of Leather. 

(1412) The hides of animals, like the soft parts in general, are 
prone to putrefaction and,, decomposition, if kept in a flexible and 
moist condition, and when allowed to dry, they become too rigid 
and brittle to allow of their employment for a number of pur- 
poses, to which they would otherwise be admirably adapted. 
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The operations of the tanner have in view the preservation of 
the hide from decay, and the preparation of a material possessed 
of the requisite suppleijess, tenacity, and power of resisting the 
action of moisture. ♦ 

The hides of diflFerent animals vary very much in thickness. 
The hippopotamus is furnished with a hide which is in some parts 
between one and two inches in thickness, wliilst the leather pro- 
duced from the skins of the lamb* and of the kid does not equal 
ordinary pasteboard in thickness. 

The thicker kinds of leather receive the genergfl name of hides ; 
find the strongest part of these hides which cover the back .of the 
animal, constitute the butts. Ox-hides, the most valuable of which 
are those imported from the plains of South America, and from the 
Cape of Good Hope, yield the principal portion of this leather, 
which is largely consumed for the soles of boots and shoe:; ; for 
harness, and for articles requiring much strength and durability. 
The upper leathers of boots and shoes are chiefly made of calves^ 
and seals^ skins ; whilst for book -binding, for aprons, and for or- 
dinary dyed leathers, the leather furnished by sheep skins con- 
stitutes the material principally used. 

The skin of most animals is highly elastic ; it consists of 
two portions which are quite distinct in chemical composition; 
an outer thin superficial layer, the epidermis, which dips down 
and lines the tubes containing the roots of the hair, and which 
rises in blisters after a scald. This is composed of a pellicle 
which resembles horny matter in composition ; it is stained 
yellow permanently by the action of concentrated nitric acid : 
beneath this is the cellular layer, termed the rete mucosum, in 
which the colouring matter resides, but which is now generally 
regarded as a less compact portion of the epidermis : and below 
this is the thick scn^itiyc vascular integument or dermis, which 
constitutes the true skin. When the dermis is boiled with water 
for some hours, it becomes dissolved, leaving the vascular parts, 
which can be removed by straining through linen or flannel; 
the clear liquid is nearly colourless; it gelatinizes on cooling, 
and consists mainly of gelatin. It gives with tincture of galls the 
well-known insoluble precipitate, by which such solutions are 
characterized. 

Excepting in those cases where it is desired to preserve the 
hair, as in the different species of furl, the preliminary steps in 
the preparation of all skins are pretty much the same, whatever 
the use to which the leather is applied, but greater care is requisite 
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in the thinner kinds. After the hair has been removed, the pre- 
servative process differs with the nature of the skin to be operated 
on. t Four principal processes are in use for the preparation of 
leather. They consist of — 

1. Tanning, — This is employed for the thicker kinds of leather ; 
it is essentially a process for combining the astringent principle of 
vegetables with the hide. 

2. Sumaching. — This operation is similar in its results to tan- 
ning, but is less laborious and tedious ; it is performed upon the 
thinner leathers or skins, which are often subsequently dyed., 

3. Tawing, — This process is followed in preparing white and 
black kid, principally for the glover : in this operation alum and 
common salt are w^orked with some oily matter into the skin. 

4. Shamoying. — This process is used in the preparation of 
wash-leather. It consists essentially in combining some suitable 
fatty matter with the texture of the softer part of the hide. 

Liming, Unhairing, and Raising the Skin, — In all cases the 
first thing to be done is to cleanse the skin thoroughly from 
blood, from the salt used in preserving it, and from other ex- 
traneous matters. This is effected in the case of recent hides, 
simply by washing, or, in those which have been salted, by 
soaking them for some days in pits in which the water is 
occasionally changed. It is frequently found advisable, in order 
to expedite this cleansing, to place the hides in the fulling-mill, 
where they are beaten wdth heavy hammers shod with iron, by 
which the skin is speedily rendered supple. The ears and pro- 
jecting useless pieces having been removed, and disposed of to the 
glue-maker, the hides are generally transferred to pits containing 
lime water, with an excess of lime, which gradually dissolves the 
sheath of the hairs, and combines with the fat ; here they remain 
for three weeks or a month, and are transferred gradually from pits 
containing a weak lime water to those in which the proportion of lime 
is much more considerable. In some of the French tanneries a weak 
solution of caustic soda has been substituted for lime water, with 
considerable advantage; the skin is more rapidly prepared for 
unhairing, and the excess of caustic soda is afterwards mtich more 
readily removed than the excess of lime. Sometimes, instead of 
plunging the hides into lime water, they are placed in a warm 
room till a slight degree of putrefaction commences ; during this 
incipient putrescence ammonia is disengaged, and the hair becomes 
loosened as readily as when lime is used. 

In order to remove the loosened hair, the hides are placed 
upon a sloping, semi-cylindrical table, with a rounded end, termed 
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the beaniy and upon this, with a two-handled knife, the hide is 
scraped on the hair side to remove the epidermis and hair. 
By this operation the upper surface of the cuticle marke^l by 
the insertions of the hair is exposed; it is of a denser struc- 
ture than the layers of cuticle below, and it forms what is 
called the grain of the skin ; great care is taken not to injure 
this grain, as such iojury impairs the quality of the leather, 
and much reduces its value. The* hair having been removed, the 
hide is once more rinsed and scraped upon the beam, on the flesh 
side, to remove any irregularities, and adheriil^ loose cellular 
i:issue. 

The cleansed hide is then immersed for twelve hours in a bath 
of weak sulphuric acid and water (i part of acid and looo of 
water), which ‘raises^ the skin, that is to say, makes it swell, opens 
its pores, removes adhering lime, and fits it for the actual opera- 
tion of tanning. Care must be taken to avoid an excess of sul- 
phuric acid, as it is liable to injure the texture of the hide. The re- 
moval of lime from the skin is a process of great importance, since, 
owing to the circumstance of the astringent matter being of an acid 
character, it would combine with the lime, instead of with the 
gelatin, and would form a harsh, insoluble compound within the 
pores of the skin, which would impair thei suppleness of the 
leather. 

(1413) 1. Tanning , — Up to this point the preparation of the 
skin is very similar for each kind of leather; when the process 
of tanning is to be performed, it is conducted in the manner now 
to be described. 

The process of tanning is a very slow one. A weak infusion 
of bark, called oozBy is first prepared and pumped off into rectan- 
gular pits, six or eight feet deep, sunk in the earth, and lined with 
wooden planking ; into these the hides are introduced; one by one, 
in an extended state. These pits of weak ooze are termed handlerSy 
from the circumstance that the hides are for some weeks daily 
transferred from one pit to another, into oozes of gradually in- 
creasing strength : in about six weeks they are ready for the pits 
termed layers. In these pits the partially tanned hides are placed, 
each hide being separated from the one above and the one below 
it by a layer of coarsely ground oak bark ; the pits are then filled 
up with water. Here the hides remain for about three months, and 
are then transferred to another pit, and similarly treated ; but the 
hides which before were uppermost, and consequently in the 
weakest part of the infusion, now are undermost, and in the 
strongest part. Sometimes the hides require to be passed a third 
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time through the layers. At the end of this time, the skin, if of 
the thickness of a good ox-hide, will be completely tanned, as may 
be known by cutting it across with a knife, when it will appear 
of a uniform brown colour : a white line in the centre shows that 
this part is imperfectly tanned. About 3001b. of oak bark are re- 
quired to tan loolb. of fresh skin. They yield about 1501b. of 
leather. 

From the tanpits the hides are removed to the drying-loft, 
where they are, in dry weather, exposed to a free current of air, 
assisted, when the weather is cold or damp, by heat, furnished by 
steam-pipes. When the leather is sufficiently dry, it is beaten, 
upon a kind of horse, or cylindrical l)eam, and is subsequently 
rolled with a brass roller, loaded with a weight of from 10 to aoewt. 

Many attempts have been made to shorten this tedious process, 
for example, either by the employment of stronger oozes at first ; 
or by the operation of sewing up the hide, filling it with the tanning 
infusion, and allowing the liquid to force its own way through the 
pores of the hide, aided by the influence of gravitation ; or by passing 
the hides between rollers, as they come out of the spent oqze, and 
then allowing them to be transferr]|d to stronger ooze : but it has 
been generally found that the leather so prepared is harsher and less 
durable than that obtained in the old way. This is found especially 
to be the case in thick hides : the surface gets tanned hard in the 
strong ooze ; the inner portions are by this means protected from 
the tanning action, and the complete conversion of leather, which 
is so desirable, is prevented. Moreover, it is found that it is 
useful that a certain portion of the gummy and mucilaginous 
matter contained in the bark should be absorbed by the hide ; it 
increases the suppleness of the leather, and therefore renders it 
more durable : by the process of quick tanning, the quantity of 
mucilaginous matter which the hide takes up is materially and 
injuriously reduced. 

Currying , — The thinner skins, such as are used for the upper 
leather of boots and shoes, as well as the thicker kinds employed 
in the manufacture of hose, in some parts of harness, &c., have to 
imdergo the further process of currying, the object of which is, by 
impregnating them wij^h oil, to render them less pervious to water, 
and make them more supple and pliable, as well as to give them 
that gloss and finish which, in many cases, is considered essential. 
In currying, the leather (a calf-skin for example) is thoroughly 
soaked in water, and shaved while wet with a peculiar two-handled 
knife, upon a smooth, heavy, flat beam, faced with lignum vitae, 
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and placed nearly vertically, the object of this ^operation being to 
equalize the thickness of the skin in its difterent parts. It is 
then thrown into water and worked while moist upon a fiat jstone 
table with the flesh-side downwdrds. It is thus uniformly thinned 
out and stretched. Here it is next stuffed or dubbed, that is to say, 
it is thoroughly impregnated with a mixture of coarse fish oil and 
tallow, after which it is hung up in a loft to dry and allow the oil 
completely to penetrate the leather and take the place of the water. 

WJieri dry, the skin is rendered supple and ^grained^ by rubbing 
it first on the flesh side, aftet’ folding the grain sule inwards, with 
•a grooved ball of box-wood ; the operation is then re])eated on the 
grain side. In this state, after another scraping on the flesh side 
or whitenwg it is ready to be stored away. Previous to sale, 
however, another process, technically termed waxing, is performed. 
This consists merely in rubbing in upon the flesh side, a mixture 
of lampblack and oil, with a hard brush. A coat of tallow and 
size is then rubbed over this with a sponge ; it is polished with a 
ball of glass, and a final coat of thin size completes the operations 
of the currier. For ladies^ ^lioes the skin is blackened on tlie 
grain side,, which is easily effected by rubbing it over with a 
solution of sulphate of iron ; the astringent matter of the leather 
immediately strikes a deep inky black with the copperas ; a weak 
alkaline liquid is brushed over the wdiole, the skin is allowed to dry, 
it is then grained, and finished oflP with a coat of oil and tallow. 

(1414) 2. Morocco Leather. — The thin kinds of leather which are 
dyed and used for ornamental purposes, as for coach linings, chair- 
covers, book-binding, &c., arc tanned differently, but much more 
expeditiously than hides. The finest kind of this leather is made from 
the skin of the Barbary goat, and hence the term Morocco leather as 
commonly applied to it. In the preparation of these skins the wool or 
hair is removed in tlu* usual w^ay, and the lime is then worked out 
by a process termed abating. In this operation the skins are 
put into a weak solution of an ammoniacal salt (dog^s dung being 
the material preferred); the lime forms a soluble compound with 
the acid of the salt, setting ammonia at liberty ; this softens the skin, 
and at length renders it so porous that when a portion of air is 
included in a fold of the skin the air may be squeezed through it. 
The skin is next cleansed on the beam, and is sewed up in the form 
of a bag, the grain side outw^ards, and is ready for the sumaching 
or tanning, which is accomplished in about twenty-four hours. A 
W'eak and warm infusion of sumacl. is prepared in a large tub, 
a portion of sumach leaves and of a stronger infusion is poured 
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into the bag formed by sewing up the skin, and this, when dis- 
tended with air, is tied up and thrown into the vat, where the 
floatbig bags are kept in constant motion for some hours, after 
which they arc piled up on a sloping shelf on the side of the vat, 
where, by mutual pressure, a portion of the tanning solution is 
forced through the pores of the skin. The operation is repeated 
with a stronger infusion of sumach ; after which the skins are 
cut open, washed, dried, and subsequently dyed. In the opera- 
tion of dyeing the flesh sides of two of the moistened skins are 
placed ill coutaci;, and arc made to adhere by striking them out 
and scraping them on a flat table, and the dye-stufi‘ is then applied to* 
each skin in succes*sion,by which means it is limited to the grain side. 
A light blue colour may be given to the skin by t lie use of a mixture 
of ferrocyanide of potassium and nitrate of iron ; a green by a com- 
bination of the barberry with indigo ; a maroon by a mixture of 
archil and ammonia with indigo ; a scarlet by the action of 
cocl lineal, alum, and carbonate of potash; and a rich purple ^ known 
as royal purple^ by means of indigo faced with cochineal. Red 
morocco is usually dyed before it is ^nned with sumach. 

(1415) 3. Tawing. — The thin and delicate skins which are em- 
ployed in the manufacture of ^ kid gloves^ arc subjected to a difierent 
and more careful [irocess than that above described : after tliey have 
been washed to free tliem from blood, and from the salt employed 
to pi'cscrvc them from putrefaction, they are anointed on the flesh 
side with cream of lime, and left for a few days; after which they 
are waslicd, and the hair is plucked off. They are then soaked in 
lime water for a fortnight or three weeks, at the expiration of which 
time they arc carefully smoothed with a whetstone upon a beam. 
The lime is next removed by soaking the skins in a mixture of bran 
and water, which has been allowed to become sour ; the lactic acid 
wdiich it contains forms a soluble salt with the lime, and at the same 
time swells the skin and opens its pores, reducing it to the form of 
a thin white extensible membrane, technically termed, a pelt. In 
this condition it is ready for the operation of tawing, or passing 
through the white bath, Tawdng, in fact, consists in preparing 
the skin with a solution of chloride of aluminum, and subsequently 
working in a quantity of oily and farinaceous matter. 

This white bath is composed of a mixture of alum and common 
salt, dissolved in water in the proportion of la gallons of water 
to every 100 skins, and from 12 to i81b. of alum and 2 ^ to 31 b. 
of salt : after the skins have been introduced into the mixture the 
temperature is gradually raised nearly to boiling. When the skius 
have been soaked for some time in the bath, they are thoroughly 
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kneaded together by placing them in a revolving drum, by M'hicli 
means the liquor is well incorporated with tliem. They are next 
washed, first with water, then with a mixture of bran and watei;^ and 
are dried, after which they are wt>rked with the paste. In preparing 
this paste, about 3 gallons of the alum liquor are mixed with 13 
or 141b. of wheat flour and the yolks of 50 eggs, and in this bath 
the skins are worked separately, and allowed to remain for 24 hours : 
at the end of that time they are kneaded together by the action of 
the revolving drum ; they are again dried ; they are next dipped 
in water for a fhw minutes, afid staked or stretched, and arc worked 
•upon the board with a softening iron, by which means they are 
greatly extended in all directions ; after which they arc stretched 
upon frames to prevent them from shrinking during the drying. 
When dry they are tinted, if necessary, with a mixture of whiten- 
ing and ochre, and are finally polished and ironed. 

(1416) 4. Shamoying . — The operation of shamoying consists in ’ 
working into the skin a quantity of oil, which supplies the place 
of the vegetable astringent, or of the chloride of aluminum, in the 
processes of tanning and tawing. In preparing the skin for sha- 
moying, the operations of unliairing, and of raising, arc the same 
as in ordinary tanning : a large proportion of shainoyod leather 
forms what is known fis wash-leather. This is made from 
sheepskins, which are split for the purpose, by means of a machine 
coiitrived with this view : the grain side of the skin is used in the 
preparation of hat linings, and for other purposes where but little 
tenacity is requisite, whilst the flesh side is converted into wash- 
leather, Affer the skins have been soaked in bran and water, 
they arc spread out upon a ta])le, and lightly sprinkled with oil ; 
they are then folded into balls, each containing 4 skins, and are 
beaten for two or three hours in the fulling stocks, with heavy 
wooden hammers faced ,wdth copper ; after this they arc opened 
out, again sprinkled with oil, and a second time passed through 
the fulling stocks, until they cease to appear greasy. They are 
next hung up in- a warm room, where the oil absorbs oxygen ; and 
this oiling and ventilation is repeated two or three times : the 
skins are then scraped, and scoured with a weak alkaline ley which 
saponifies the excess of the oil. Afterwards they are washed 
with water, dried at a gentle heat, and then smoothed and rolled. 
The thicker leather, known as buckskin, is prepared in a similar 
manner, but the skin used is not split, tlfe grain being removed by 
means of a knife, which raises a sort of nap upon the surface, but 
does not cut the leather. 
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CHAPTER XII. 

CHEMICAL PROPERTIES OF SOME OF THE SOLIDS AND FLUIDS OF 
ANIMAL ORIGIN. 

§ I. Solid Constituents of Animals, 

(1417) The solid constituents of the animal body differ very 
materially from those of vegetables. The bony framework of 
the animal system contains a large proportion of inorganic insolu- 
ble salts ; and the different tissues, hito the composition of most 
of which nitrogen enters, vary widely from each other in clic-* 
mical projiertics. It must not, however, be supposed that any 
organ of the body consists of any chemical compound in a state 
even approaching to purity. The complex structure of these 
organs, consisting as they do of vascular, nervous, and cellular 
•components, independently of the peculiar and proper substance 
of the organ itself, forbids the possibility of any such simple 
character in its chemical constitution, although one or two proxi- 
mate principles may give to it the distinctive features which it 
offers to the chemist. The bones, the ligaments, the muscles, and 
the nerves, thus exhibit unmistakeable differences in chemical pro- 
perties, owing to the predominance in each of certain proximate 
animal principles. 

It will be useful, to consider briefly the chief chemical cha- 
racteristics of some of the most extensively diffused of these 
tissues. 

(1418) The Bones present the same general properties throughout 
the higher classes of vertebrate animals. When dried at till 
they cuasc to lose weight, they are found to consist of about one- 
third of their weight of organic matter ; the remaining two-thirds 
being composed principally of phosphate and carbonate of lime 
and })hnsphate of magnesia. These facts may be readily verified : — 
if a bone, Creed from fat and periosteum, be suspended in a vessel 
containing hydrochloric acid diluted with 6 or 8 parts of water, 
an effervescence will be seen to occur over the whole surface of 
the hone, owing to the decomposition of the carbonate of lime; 
in the course of three or four days the salts will have been dissolved 
out, and the remainder, which still retains the shape of the bone, 
will be found, after soaking in distilled water repeatedly renewed, 
to consist of the animal nhitter, or ossein only. Its rigidity will 
Imve disappeared, and it will have become perfectly flexible ; but 
if it be dried, it will assume a semitransparent appearance, 
resembling that of horn. When boiled for a few hours in water. 
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it will be gradually dissolved, with the exception of a little fat and 
a few vascular and fibrous shreds, and the solution will gelatinize on 
cooling, forming a weak glue 01; size. The solution thus obtained 
is indeed nearly pure gelatin, and like this substance, is precipitated 
copiously by tannic acid and by infusion of galls. 

The acid solution when neutralized by ammonia deposits the 
earthy phosphates, which may be* separated by filtration, and on 
adding to the clear liquid a solution of oxalate of ammonia the 
lime which was contained carbonate in the bovje is precipitated. 

Bones may be boiled for many hours in water without under- 
going any further change than the separation of a quantity of 
grease, which rises to the surface of the liquid ; but if placed with 
-water in a Papinas digester and exposed to a temperature of 
about 300°, the gelatin is dissolved and the earthy matters arc left, 
and subside in a disintegrated form. 

When bones are distilled in close vessels at a gradually 
increasing temperature, a large quantity of foetid, volatile, and 
tarry matters pass over, accompanied by a large proportion of car- 
bonate of ammonia, and some other volatile alkalies formed on the 
type of ammonia. The residue in the retort constitutes animal char- 
coal, and contains the phosphate of lime with a quantity of carbon 
diffused through it in a very finely divided state. The salitui 
components of the bone inay be obtained in an isolated form by 
calcining bones for some liours in an open fire, when a white ash 
is left. The composition of bones differs sliglitly at different ages, 
and even in different parts of the body of the same animal. The 
Teeth arc similar in coiu[)Osition to the bones, but the portion which 
projects above the gums is encased with a compact hard crust, 
known as the enamel, and which contains but a very small pro- 
portion of animal matter ; — 


^Composition of Bones, 
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The bones of fishes contain a smaller proportion of phosphate of 
lime than is found in those of the higher orders of vertebrata. The 
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scales of fishes have a composition somewhat similar to that of 
hone^ hut they contain phosphate of lime in small quantity only. 

Tlie proportion of eartliy matter in the bones in the human 
species is occasionally deficient in certain forms of disease. In one 
instance of what tlie Germans call cranio-tabes in children^ Schloss- 
hergcr found the earthy salts to fall in the spongy portion of the 
bone as low as 28*] 6 per cent: of the dry bone, and in several 
cases the proportion of earthy matter was as low as 50 per cent. : 
similar facts haye been noticed by pthcr observers. Numerous 
analyses of the bones of different parts of the human body, iri^ 
various conditions of health and of disease, and at different periods 
of life, have been executed by Von Bibra, who has published a 
special work upon the subject {Chemische Untermchunffen iiber die 
Knochen und Zdhne)) and an elaborate paper by Fremy upon the 
hard parts of animals, has recently appeared in the Annates de 
Chimie, III. xliii., 47 : many other writers might also be quoted. 
For fuller information on this subject, and on the chemical com- 
])Ositiou of the various tissues of the animal body generally, the 
reader is referred to Lehinann^s valuable treatise on Physiological 
Chemistry, a translation of which in three volumes has been exe- 
cuted for the Cavendish Society by Dr. G. E. Day. 

The organic matter contjiined in the envelope of the crustacca 
consists of a substance termed chitin, which, according to Fremy, 
contains no nitrogen : both Schmidt and Lehmann, however, find 
nitrogen in this substance (1420). The animal component of the 
shells of the Mollusca contains nitrogen, and has been termed by 
Fremy conchioJine : it is distinct from albumen, and resembles 
ossein in composition, but when boiled docs not furnish gelatin. 
The hard covering of the Crustacea, and the shells of the Mollusca 
and of the eggs of birds, contain but a very small proportion of 
phosphate of lime, the principal earthy component in these cases 
consisting of carbonate of lime. The subjoined analyses show the 
general composition of some of these substances : — 
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(1419) Homy Matter » — The composition of buck-horn and of 
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ivory much resembles that of bone ; but horny matter in general, 
whether in the shape of cow-horn, tortoise-shell, whale-bone, the 
claws of beasts of prey, or the nails of the fingers and toes, thctscalcs 
of fishes, the feathers of birds, or the wool and hair of animals gene- 
rally, is of a difierent composition; it contains but little saline matter, 
not exceeding 2 or 3 per cent., and does not furnish gelatin when 
boiled with water at high temperatjires under pressure. It becomes 
soft on the application of heat ; a circumstance which is turned to 
account in the manufacture of common articles in horn, so that 
they can thus be moulded m some measure to the desired form. 
Horn is gradually and wuth difficulty dissolved by alkaline solutions, 
to which it yields up a portion of sulphur ; and on neutralizing th 
solution with an acid, a precipitate is formed which resembles that 
obtained from the albuminoid compounds : this precipitate, how- 
ever, presents properties which arc slightly different according to 
the nature of the source from which it is derived. Horny mattcu* 
is intermediate in composition between the albuminoid and gcla- 
tigenous components of the body. It contains less carbon and 
more nitrogen and sulphur than the protcic compounds. The 
following table gives tlie composition of some of the difierent 
varieties of these bodies : — 
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Scherer^s analyses (Liebig^s Annal. xl. 1) are calculated with 
the old equivalent of carbon, 6'ii3. 

From the foregoing table it will be seen that horny matter 
difters little from gelatin in ultimate composition, but in its reac- 
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tions it more closely resembles the protein group. Horny tissue 
is stained yellow by nitric acid. The quantity of sulphur in the 
Lair is very con8ideral)le^ and has been found to vary from 3 to 5 
per cent. The cause of the variety of the colours of the hair 
appears to be due to the variations in colour of the animal oil 
witli which it is impregnated. The tint of the hair may be 
altered readily by steeping it in a solution of chlorine^ as ^well 
as by moistening it with various nostrums which act upon the 
sul])hur contained in the hair (758). The inorganic constituents of 
the feathers of birds vary in quantity in the different species from 
I to 6 or 7 per cent. (Gorup Besanez). Silica is always present, 
and in the largest quantity in the feathers of granivorous birds, in 
which it forms on the average four-tenths of the entire earthy ma- 
terial. Silica is also found in the ashes of hair when burnt. In 
human hair the ash amounts to from 0*92 to 1*57 per cent. : and 
of this the silica constitutes nearly one-seventh. The hair and wool 
of animals contains in general rather more ash than human hair. 

Silk . — This substance appears to consist of three distinct azo- 
tised components which are arranged# in layers, the outer one of 
which is soluble in water, and, according to Mulder, consists of 
gelatin ; it amounts to about one-fifth of the weight of the silk ; 
beneath this outer layer is one of albumen, which is soluble in 
dilute alkaline leys and in acetic acid, as well as in a solution of 
an alkaline soap, and beneath this is the sukstance mentioned as 
fibroin in the foregoing table. The colour of the silk is due to a 
small quantity of oily matter. Gossamer threads also contain 
fibroin. Fibroin is a white silky-looking substance whidi is left 
after successive exhaustion of the silk by water, alcohol, ether, 
and boiling acetic acid. It is insoluble in cold dilute alkaline 
solutions, but soluble in concentrated sulphuric and hydrocliloric 
acids. 

The organic constituent of the common sponge also, according 
to Mulder, consists of fibroin, but it contains 1*9 per cent, of phos- 
phorus, and I *08 of iodine. 

(1420) (Ciyllj^NOji ? Schmidt; CigHioOjol^ Frcmy). — 

The substance mentioned as Chilin in the foregoing table, consti- 
tutes the true skeleton of insects and Crustacea generally. It may 
be obtained by boiling the outer wing cases of the cockchafer in 
water, alcohol, ether, acetic acid, and solution of potash, in succes- 
sion. According to Fremy, chitin is also readily procured by treat- 
ing the shell of the lobster or of the crab with dilute hydrochloric 
acid, then washing with water, boiling for some hours with a dilute 
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solution of potash, then with alcohol, with water, and with ether. 
Pure chitin is a white substance, which retains the form of the tex- 
ture from which it is obtained. It is soluble in concentrated, nitric 
and hydrochloric acids without'colouring them, and after neutral- 
izing these solutions with ammonia, it yields a precipitate with 
infusion of galls. Oil of vitriol gradually dissolves it, and slowly 
lets fall a black precipitate, whilst acetic acid and acetate of am- 
monia remain in solution. When distilled it also yields acetic 
acid and acetate of ammonia ; boiling concentrated solution of j>otash 
does not affect it. This substance, if it be azotised,*is certainly one of 
the simplest forms of the nitrogenized plastic materials. It presents 
some points of analogy with vegetable fibre, particularly in the 
jiroduction of acetic acid by its decomposition. Fremy denies the 
existence of nitrogen in chitin, and assigns to it a composition 
which would make it isomeric with cellulose, though it does not 
yield similar products when treated with acids ; but the analyses 
of Lehmann exactly coincide with those of Schmidt. 

(1421) Cartilage , — The articular extremities of the bones arc 
encrusted with a white elastic opaque horny substance which con- 
tains but little saline admixture (from 3 to 6 per cent, of salts), 
and which by long boiling is gradually dissolved, forming a liejuid 
which on cooling furnishes a tremulous jelly. The transparent 
cornea, the rings of the trachea, the clastic parts of the cars, nose, 
and eyelids, and the flexible prolongations of the ribs arc also com- 
posed of the same material ; this substance, however, is not true 
gelatin, but the modification of it termed chondrin (1410). 

W kite fibrous tissue, and the material of which the tendons, liga- 
ments, and inelastic tendinous expansions are composed, consist of 
a substance which by continued boiling is almost completely dissolved, 
and a solution of gelatin is formed, which gelatinizes on cooling. 
Yellow fibrous tissue has a different composition : it is insoluble in 
boiling water, and in weak acids and alkalies, but is readily soluble 
in hot concentrated sulphuric acid, and in a strong solution of potash. 
It resists putrefaction for a long time, and possesses great elasticity. 
Nitric acid forms a yellow compound with it. The yellow fibrous 
tissue is an advantageous source of leucine when digested with 
sulphuric acid w hich has been diluted with parts of w^ater. 

(1422) Muscular tissue consists principally of fibrin in a coagu- 
lated form, but being highly vascular, and containing nearly three- 
fourths of its weight of water, it is permeated with a fluid consist- 
ing partly of blood and partly of substances secreted from it. 
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iuclependently of a small proportion of nervous and adipose matter. 
If lean beef be minced fine, and digested in three-fourths of its 
weight of cold water and then expressed, this treatment being 
repeated twice, a solution will be obtained which contains in a con- 
centrated form the soluble constituents of the muscular tissue. 
These consist cliiefiy of albumen, the soluble salts of the blood, 
of the crystallizable animal principles termed kreatine and 
inosite, of phosphoric acid, and at least three organic acids, viz., the 
lactic, the inosic,* and the butyric ; possibly also acetic and formic 
acids arc present ni small quantity ; tfie colour of the solution is 
due to red colouring matter of the blood. The salts consist 
cliiefiy of phosphate of potash, phosphate of magnesia, and a small 
quantity of chloride of sodium, and of phosphate of lime. 

When this expressed liquid is heated nearly to the boiling 
point, the albumen becomes coagulated, carrying with it a large 
proportion of the colouring matter; this coagulurn generally amounts 
to between 2 and 3 per cent, of the fresh muscle operated on. 

(1423) Inosic acid (IIO, C10II6N2O10 ? Liebig). — This com- 
pound presents the appearance of a < syrupy liquid, which is not 
solulile ill alcohol. It has an agreeable taste of the juice of meat, 
and becomes readily decomposed, mere boiling of the solution pro- 
ducing its partial decomposition. 

Inosic acid may be prepared from the mother liquor obtained 
from the flesh of the common fowl after the separation of the 
kreatine (p. 619) : alcohol is to be added to this liquid till it becomes 
milky, when it is set aside to crystallize, and the inosates of baryta 
and potash are slowly deposited ; they arc dissolved in water, and 
chloride of barium is added to the hot aqueous solution ; on cooling, 
the inosate of baryta crystallizes ; by a second crystallization this 
salt is obtained in a state of purity, and the acid may be obtained 
from it by the cautious addition of sulphuric acid. 

Tlu* salts which inosic acid forms with the alkalies may be 
crystallized. When decomposed by heat, tliey emit an agreeable 
smell of roast meat. Inosate of potash crystallizes in long delicate 
four-sided prisms, which arc sparingly soluble in alcohol. Inosate 
of baryta crystallizes in scales of a pearly lustre, which effloresce 
in a dry air ; they are sparingly soluble in cold water, but freely 
so in boiling water, and are insoluble in alcohol. Inosate of 
copper forms a light blue insoluble powder which is not dissolved 
by acetic acid. 

* Tills acid, according to Gregory, is found only intho flesh of the common 
fowl and of the turkey. 
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(1424) Tnosite or Muscle Sugar, (C12H12O12, 4 Aq.) — This inte- 
resting body was discovered by Scherer in the juice of the flesh. 
It may be obtained by the following process : — After scparatihg the 
kreatine by crystallization, the baryta is reraoved by the cautious 
addition of sulphuric acid so long as it occasions a prcci])itate. 
The liquid is then filtered, and the free lactic acid separated by 
repeatedly washing with ether. •Alcohol is added to separate the 
salts ; and by gradually increasing the quantity of alcohol, small 
crysta\^ resembling those gf gypsum, are formpd ; these crystals 
, consist of inosite. They must be redissolved in water, and recrys- 
tallized. 

Inosite forms colourless, efflorescent prisms, which lose nearly 
1 7 per cent., or 4 equivalents, of water at a temperature below 212°. 
The residue has then the composition of grape sugar which h^s been 
dried at 212°. At 410° F. the dry mass melts to a colourless li([uid, 
which, on cooling quickly, sets into a crystalline mass. It has a s\v(‘ct 
taste, and is freely soluble in water, less so in rectified s})irit, and 
is insoluble in absolute alcohol and in ether. Dilute acids and 
alkalies, even when boiled vfitli it, produce no change. A solution 
of inosite, to which caustic potash has been added, dissolves hy- 
drated oxide of copper with a blue colour, but does )iot reduce it 
to suhoxide when the liquid is boiled. The solution of inosite 
gives a white precipitate when mixed with one of basic acetate of 
lead. Inosite is not susceptible of the vinous fermentation, but 
with chalk and cheese it yields lactic and butyric acids. 

(1425) Chemical Effects of Cooking upon Food . — A considera- 
tion of the chemical constituents of muscular tissue enables us 
readily to understand the principal changes produced in the cooking 
of meat. The common processes of cooking have been very clearly 
explained by Liebig. 

The operation of roasting consists in the gradual coagulation of 
the albumen, as the heat penetrates from the surface towards the 
interior : those parts which are nearest the centre, unless the 
roasting be continued for a sufficient length of time, do not 
become hot enough to allow the albumen to coagulate ; hence they 
appear red, juicy, and underdone as it is called; the superficial 
portions become brown, and partially altered in composition, but 
the greater part of the sapid and saline constituents of the juices 
contained in the meat are retained, ^though a certain proportion 
exudes, and a part of the fat is melted off, and collects below, as 
dripping. 

In boiling meat the result is somewhat different : when the flesh 
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is placed in cold water^ and the heat is gradually raised^ the soluble 
albumen, the soluble salts, and the flavouring portions of the meat 
(which is contained entirely in the soluble parts) begin to pass out 
into the water, and the meat gradually becomes impoverished, 
while the liquid in which it is boiled gains in a corresponding 
degree in flavour and nutritive qualities — the meat becoming hard, 
ragged, fibrous, and tasteless at the surface, owing to the loss of 
its albuminous cement. When the water boils, the heat gradually 
penetrates the mass of the flesh, and as soon as it has rise 4 high 
enough to coagulate the albumen which is still left in the central 
portions, the joint is said to be cooked through. 

In order to preserve the full flavour of the meat during the boil- 
ing, it is necessary to make the water boil before introdueing the 
joint to be cooked, and then to maintain it gently simmering, until 
every part of the mass has attained a temperature of at least 1 70° 
or By this treatment, the albumen contained in the super- 

ficial layer of the meat is suddenly coagulated, and thus offers an 
obstacle to the free escape of the soluble portions from within ; 
the meat therefore is proportionately richer, whilst the broth 
suffers to the same extent. 

Liebig has introduced an improved method of preparing strong 
meat tea for invalids, founded upon the foregoing considerations. 
Lean l)cef or other meat is minced finely while raw, mixed with 
an equal weight of cold water, and slowly heated to boiling. 
After boiling for a minute to coagulate the albumen, the liquid 
is strained through a cloth, and the fibrous portion exposed to 
pressure ; the broth thus obtained is seasoned with the usual con- 
diments, and furnishes a nutritive soup of excellent flavour, which 
would gain nothing by loTigcr boiling, but it has little colour, 

A still more nutritious broth may be obtained in the fol- 
lowing mamicr ; — Take one-third of a pOund of raw beef or 
cliickcn, mince it very finely, and mix it with 14 ounces of cold 
distilled water, to which 4 drops of hydrochloric acid and from 
10 to 18 grains of salt have been added; digest for an hour, and 
strain out the meat upon a hair sieve ; wash the residue upon the 
sie\ e with 5 ounces of distilled water. In this way about a pint of 
a cold extract of meat is obtained, which may be taken cold, or if 
warm, it must not be heated above 120° F. The whole of the 
uucoagulated albumen, one pf the most nutritive constituents of 
the meat, is thus extracted and administered to the invalid ; 
whereas, if the broth be boiled, the albumen becomes coagulated, 
and is skimmed off and wasted. 
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The undissolved fibrin when washed once or twice becomes 
hard and insipid, and is difficult of digestion. The dark colour of 
soup contributes scarcely anything to its flavour, but custom -leads 
us to associate the idea of strtjngth and flavour with its appear- 
ance. The brown tint which long boiling gives, may, as is well 
known in the kitchen, be supplied by a little burnt sugar, and 
thus the eye as well as the palate^ may be satisfied. 

The antiseptic power of common salt in preserving meat 
has b^n known from time immemorial, but no satisfactory cx- 
j)lanatiOTi of its mode of afttion has been given.* The process of 
•salting detraets considerably from the nutritive value of the flesh 
so preserved. When raw meat is salted, the liquid portion speedily 
begins to ooze out, and to dissolve the salt, forming what is com- 
monly termed which is a saturated solution of salt in the 

juice of the flesh; the meat thus becomes proportionately impove- 
rished of its albumen, and of its sapid and saline components, and 
at the same time is deprived of its tendency to putrefy. 

(1426) Coiifiponents of th^ Brain, — The chemical knowledge of 
the components of the brain and nervous system is less satisfactory 
than that of many of the foregoing substances. It may be 
remarked that these organs are especially remarkable in a chemical 
point of view. Frcmy, a few years ago, published an investigation 
upon their composition, which has since been confirmed by Von 
Bibra in its essential points. The brain contains a large propor- 
tion of albumen in the uncoagulatcd form ; but it scenns to owe 
its peculiar properties to the presence of a solid fatty acid, 
termed cerebric acid, which contains phosphorus, and to a liquid, 
oily acid, called oleophosphoric acid; the latter compound also con- 
tains phosphorus. In addition to these bodies, cholcsterin, and the 
ordinary fats, stearin and olein, are likewise present. 

The human braii’ contains in 100 parts, about 7 parts of albu- 
men, 5 of the above-mentioned fats, and 80 of water. 

Cerebric Acid is a feeble acid, which is met with in the brain 
partly uncombined, partly united with soda. It is a white solid, 
which may be obtained in crystalline grains, soluble in hot absolute 
alcohol and boiling ether, but sparingly soluble in cold ether. It 
is not soluble in water, but swells up like starch in this liquid : it 
melts at a somewhat elevated temperature, and at a little above its 
point of fusion begins to be decomposed. It burns with a charac- 
teristic odour, leaving a charcoal, which, from the formation of 
phosphoric acid, has an acid reaction. 
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Cerebric acid gave to analysis the following numbers, from 
which, however, no satisfactory formula can be deduced : — 


Carbon . . . * .66*7 

Hydrogen . . . . .10*6 

Nitrogen ..... 2*3 
Phosphorus ..... 0*9 
Oxygen . ... . • 19’5 


100*0 ! 

. ..... /J 

Oleophosphoric Acid is a greasy oil, which is insoluble in cold 
alcohol, but readily dissolved by ether and by boiling alcohol. It ’ 
appears to exist in the brain partially in the free state, but prin- 
cipally in combination with soda, with wdiich it forms a soapy com- 
pound. This acid, according to Gobley, is likewise present in the 
yolk of the egg. Oleophosphoric acid, by boiling it with w^ater, is 
resolved into olein and into phosphoric acid, which latter remains 
in solution. The presence of a free acid facilitates this decom- 
position. 

§ II. COMPOSITION ANT) PROPERTIES OF SOME OP THE MOST 
IMPORTANT ANIMAL FLUIDS. 

The fluids contained in the animal body may be considered in 
the following order : — 

A. Plastic nutrient liquids, under which are included the 
blood, and its tributaries the chyle and the lymph ; in connexion 
with which it will be convenient to notice milk. 

B. Liquids more or less necessary to the process of digestion, 
including the saliva, the gastric juice, the pancreatic fluid, the 
secretions of the mucous membranes, and the bile. 

C. lilxcrcmcntitious matters, comprising the urine, the cutaneous 
secretions, and the solid excrements ; with which may be noticed 
pus, the product of the suppurative process. 

A. Plastic Nutrient Liquids. — 1. The Blood. 

(1427) The blood is the most important of the fluids contained 
in the animal system, since it supplies the material from which 
the various organs of the body are derived. The remarks which 
follow refer to the blood of the human species unless otherwise 
specified. 

Since the blood is a fluid which consists of a mixture of a 
variety of dififerent ingredients, and since it is every moment under- 
going changes of the most varied and complicated description, its 
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composition cannot be expected to exhibit the same definite 
character as that of a crystallized mineral ; and yet there is con- 
siderable uniformity in the chemical constitution of blood during 
health. In the vertebrate aniryals the blood is a somewhat viscid 
fluid of a red colour, which is more or less bright according to the 
part^ of the system from which the liquid has been taken; that 
from the arteries, or arterial blood, being of a florid red : whilst 
that drawn from the veins, or veitom blood, is of a dull purple. 
Blood Aas a peculiar odour, which differs somewhat in animals of 
difierci\ species. This odo^ir is more strongly developed by the 
, addition of oil of vitriol to the blood. When left to itself, the 
blood presents the remarkable phenomenon of coagulation, in 
consequence of which it appears first to become semisolid, and 
eventually it separates into two portions, one of which constitutes 
the solid evuor or crassamentum, and the other tlie liqi.id or 
serous portion. This coagulation generally commences in from 
three to five minutes after the blood has been drawn, and the 
clot continues to contract for ten or twelve hours. Coagulation 
is retarded by exposure to a low temperature ; it occurs most 
rapidly at about loo^ or iid^ The coagulation is due to the 
presence of fibrin, which exists in the blood in a state of solution 
whilst it is circulating in the living organism, but solidifies shortly 
after its removal from it : the reason of this coagulation is un- 
known. During coagulation the fibrin carries with it all the ^ 
colouring matter of the blood, so that the clot has a deep red hue, | 
and the scrum is left colourless or straw-coloured. The reason of > 
this complete separation of the colouring matter is revealed by the ' 
microscope. Blood, when ex])osed to a high magnifying power, 
is found not to be a homogeneous fluid, but to contain a multitude 
of small flattened disks, of a deep red colour, tolerably uniform in 
size in the same animal, but varying in magnitude and shape in 
difterent species of aniinals. These blood disks , or red co7'puscles, 
consist of a thin cclluiar envelope, enclosing the true red colouring 
matter of the blood, and they float in a transparent, nearly 
colourless fluid, termed the liquor sanguinis. In human blood these 
red corpuscles are circular and slightly biconcave : in most other 
mammalia the blood disks arc also circular ; in birds they are 
elongated and oval, with an elevated centre; and in amphibia 
they are oval and slightly convex. These observations explain 
the cause of the complete separation of the colouring matter 
when the blood coagulates ; since the fibrin, in the act of solidifi- 
cation, entangles the red corpuscles in its meshes, and mcchani- 
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cally separates them, just as white of egg does when it is used to 
clarify syrup by mechanically removing the solid impurities suspended 
in it. If the blood be whipped with a bundle of twigs during the 
process of coagulation, the fibrin attaches itself in the form of white 
elastic filaments to the twigs, while the red particles are .separated 
from it by the agitation. The defibrin ated blood is’' of a ij^eep 
red colour, and does not coagulate. 331 ood is prevented from 
coagulating by allowing it to flow from the vein into alkaline 
solutions, or into a concentrated solution of many salts of th . alka- 
lies, such as nitrate of ])otash, and sulphate, and acetate soda. 
In some cases of sudden death, the blood is also found to have 
lost its property of spontaneous coagulation, ’'n certain states of 
the system, owing partly to the slower coagulation of the fibrin, 
the upper surface of the clot is entii'cly free from colouring par- 
ticles, the red corpuscles subside, and leave a stratum of variable 
thickness and of yellowish colour; to this coating the name of 
the f'oat of the blood has been given ; it is sometimes 'spoken 
of as the inflammaionj crust, owing to its frequent occurrence 
during iuilaminatory diseases. 

(1428) ComposUion of the Blood , — The following substances 
have been found as normal constituents of the blood : — Albumen, 
fibrin, colouring matter or lucmatiii, globulin ; oleic, stearic, lactic, 
phosphoric, sulphuric, and hydrochloric acids, in combination MUtli 
soda, jjotash, ammonia, lime, and magnesia ; minute ])ortions of 
cholcstcrin, a small quantity of phosphorized fat (containing phos- 
plio-glyccric acid), which has probably a composition similar to 
that of tlic fatty matter of the brain. The blood likewise con- 
tains in solution, oxygen and nitrogen, derived from the atmo- 
sphere, and carbonic acid, v\hich is produced by the reaction of 
the o>yg(ui upon the constituents of the hlood| These gases may 
be displaced by transmitting a current of h;^rogcn through the 
liquid. lichmann, by passing a current of hydrogen through ox 
blood till it ceased to expel carbonic acid, and then adding acetic 
acid without admitting air, and again transmitting hydrogen, has 
shown, by the expulsion of carlionie acid which then ensued, 
that recent blood must contain a free alkaline carbonate, in 
quantity equal to about 0*1628 per cent, of its weight. 

The following table, based upon the observations of Schmidt and 
the analyses of Lehmann, is given by the latter chemist as represent- 
ing the average quantitative relation of the jirincipal constituents 
of normal blood. It will be observed that the blood is here 
regarded as composed of two portions, one consisting solely of 
the red particles, and the other of the liquid in which these 
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red corpuscles are suspended, termed the liquor sanguinis, which 
consists of the serum holding fibrin in solution : — 


Blood Corpusclesy i *0885. 

1000 parts of blood corpuscles con- 
tain : — 

■VViiter 688*00 

Solid constituents . . . . 312 00 

(consisting of) 

Ilannatin 

Globulito uTid (!ell rnentbraue 282*22 

^^at \ 2'^i 

Extractin* mailers . . . 2*60 

♦M-ineral subslanees (wiiliout 

iron) 8*12 


j Sp.gr. of Liquor Sa ngulnis^* V02H. 


1 1000 parts of liquor sanguinis con- 

j tain : — 

; Watt‘r 

. . 902*90 

1 Solid cons! it uents 

. . 97*10 , 

! • (consisting of) 

j b'ibrin 

• • 405 

Alhunien .... 

. . 78 * 8 ^ 

! Eat ....... 

. . 1-72 

Kxtractivo mnlt(TS • 

• ' 3 ‘94 

Mineral substance's . 

• • ^'r,r, 


Cliiorine i*6S6 

Sii!])lnmc JK.'id 0 066 

JMiL)S])boric acid . . . . 1*134 

l\.>tassiuiii 3'328 

Sodi 11111 'i ‘032 

Oxygen o'O'by 

l*li().s))]iate of lime . . . 0*114 

Phosphate of magnesia . . 0*073 


('hloriiic 3'^’44 

Sulphnrie acid © iiij 

Phosphoric acid . . . o*i(;r 

Potassium 0*323 

Sodium 3‘34^ 

Oxygen . 0403 

Phosphate of lime . . . 0*311 

Phosphate of magnesia . . 0*222 


The ash of ox blood contains about 6*84 per cent, of oxide of 
iron (Lehmann). 

The following table gives the results of tbo average composi- 
tion of human blood in man and in woman, according to the ana- 
lyses of A. Eecqucrcl and llodicr : — 


MuIp. ' Ffinalp. 


Specific gravity of deli hrinated blood . . lodc o 1057*3 

Of serum *. . . 1028*0; 1027*4 


Watei* 

Fibrin 


Fatty matters, 


r ^rolin 

\ Wiospliorizcd fat . . 
y Oliolesterin . . . . 
V.S;u >011 died fat . . . 


Albumen . . . 

Blood cor])uacles 
Extractive matters 


f Chloride of sodium . . 

Salts, . . < Other soluble salts . . 

( Earthy phosphates . . 

Metallic iron 


I *60 



1*62 



1000*10 ; 


1000*02 


310: 3*90 

2*50! 2*90 

0 * 33 : 0*35 

0T)7 ^ 0*54 

6*50 7*69 


The average specific gravity of healthy human blood is from 1 *052 
to 1*057, but it is lialde to considerable variation, principally owing to 

PAllT 111. Y Y 
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differences in the proportion of the red corpuscles : it is usually 
more dilute in the female than in the male. The density of the 
scrim? is more uniform^ and is generally between 1*027 1*029. 

The serum is a somewhat alkaline/'straw-coloured, highly albumi- 
nous liquid^ which coagulates, and forms a semi-transparent jelly 
when lieated to about 170®. Its average composition has been 
already given, under the head of liquor sanguinis, in the table 
quoted from Lehmann ; but since the liquor sanguinis consists of 
serum holding fibrin in solution, fibrin must be deducted fr^m the 
list of the compohents of the serum. 

(1429) Hmmaiin, or Hmnaiosini \ Mulder). — ' 

This substance is the true colouring principle of the blood. It is, 
in many respects, a remarkable compound. It is the principal 
constituent of the body that contains iron. Haematin presents 
a considerable analogy with the albuminous principles, and may, 
like them, exist either in a coagulated or an uncoagulated form. 
It occurs in the blood in the soluble form, and^ according to the 
analysis of Mulder, it contains 6 6 per cent, of metallic iron. It 
appears probable that, like the sulphur and the phosphorus in albu- 
men, this iron is not combined with oxygen. The peculiar colour of 
hDcmatin is manifestly not dependent upon the iron which it con- 
tains, since nearly the whole of this substance may be removed 
without affecting the dark brown colour of the haematin : for 
example, if liaematiii be allowed to remain for some time in 
contact with concentrated sulphuric acid, and the liquid be then 
diluted, an evolution of hydrogen will take place, and protosul- 
phate of iron will be formed in the liquid. The insoluble 
residue thus obtained contains carbon, hydrogen, nitrogen, and 
oxygen, in the same proportion as in limmatin from which the 
iron has not been removed. If chlorin€|||)e passed tlirongli 
a solutivm of liajmatin in water, scsquichloride of iron is formed, 
and a white precipitate, termed chlorhaematin, is produced,, 
which Aluldcr represents as (C4^iH22N30.4Cl8, or C4.1H22N3O0 + 

6 CIO3), a compound analogous to that which is formed with pro- 
tein, when albumen, suspended in water, is similarly treated. 
Hiematin constitutes but a small proportion of the red particles of 
the blood (according to Berzelius, about i-2Cth), the remaining 
portion consisting chiefly of globulin. 

It is difiicult to obtain hsematin in a state of purity, and as 
yet it has only been insulated in its coagulated form. Blood 
which has been freed from fibrin by agitation with twigs, before 
coagulation, is to be mixed with about 8 times its bulk of a satu- 
rated solution of sulphate of soda. After standing for a few hours. 
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the coloDring matter subsides ; it must be collected on a filter, and 
washed with a solution of sulphate of soda. If the residue upon the 
filter be now boiled with alcohol acidulated with sulphuric acid, the 
colouring matter is dissolved. *The liquid must be filtered while 
hot, and a portion of globulin, which has been dissolved, is to be 
thrown down by the addition of carbonate of ammonia. The red 
liquid thus obtained is again to he filtered, and evaporated to dry- 
ness; after which the solid residue must be digested successively with 
waterl alcohol, and ether, and again be dissolved in alcohol contain- 
ing aniSaonia, by which thd remaining portions globulin will be 
• separated in the insoluble form ; the solution is then to be filtered 
and evaporated to dryness; after which everything that is soluble 
is to be removed by digestion with water. The residue is considered 
to be pure hseraatin. 

Coagulated haematin as thus obtained forms a dark mass, 
Avhich assumes a slight lustre on pressure. It is destitute of 
odour and of taste, and is insoluble in water, alcohol, ether, and 
the fatty and essential oils. It is, however, rejidily tllssolved by 
weak alcohol which has bepn acidulated with sulphuric or hydro- 
chloric acid ; this solution is of a deep brown colour, but it 
becomes blood red on the addition of an alkali. Water preci- 
pitates the acidulated alcoliolic solution. Strong acids decompose 
Inematin, and extract the greater portion of its iron. Aqueous 
solutions of the alkalies, both caustic and carbonafed, dissolve it 
freely ; when these solutions are boiled, the colour, w hich is at first 
bright red, passes through dull red into green. Ilicmatin is pre- 
cipitated completely from its animoniacal solution in alcohol, by 
salts of silver, of lead, and of copper. According to Denis, looo 
parts of blood contain 0* 56 of metallic iron ; so that reckoning the 
quantity of blood in# man of average stature at 301b., it would amount 
to about 120 grains of. iron in tlie blood of the entire human body. 

(1430) Hmnatoi 'in . — A remarkable modification of the colouring 
matter of the blood, to which the name of hmniatoidin has been given, 
has been observed to occur sometimes in old extravasations, and in 
certain forms of disease. The colouring matter assumes the shape 
of irregular crystalline fragments, or of perfectly fonned transparent 
red rhombic prisms, which are very sparingly soluble in water; 
yielding a solution which becomes coagulated at about 145°. 
Alcohol and nitric acid also produce a precipitate in the liquid. 
The aqueous solution of hsematoidin is precipitated by solutions of 
corrosive sublimate, of subnitrate of mercury, and of sulphate of 
copper. Acetic acid dissolves the crystals of hsematoidin readily ; 

V Y 2 
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ammonia produces a liquid of the colour of peach-blossoms ; potash 
does not dissolve them, but changes the colour of the crystals to a 
dirty yellow. LcliTuaiin has pointed out a method by which these 
ciystalsmay be readily obtained frofii the blood of various animals, 
particularly from that of the guinea-pig, the rat, and the mouse. 
After the serum has been well drained from the clot, the coagulum 
is to be ])laced in a cloth, and i^he greater part of the colouring 
matter washed out by means of a small quantity of water. The 
deep red liquid thus obtained is to be filtered, and a curi^nt of 
oxygen gas transmitted through it for about half an houi^ after 
this, a current of caibonic acid gas is to be transmitted through 
the solution, for about 15 minutes. During the latter process 
the liquid gradually becomes filled with small crystals, which 
if allow ed to subside, can be separated from the liquid portion. 
Lehmann found that the formation of these crystals was favoured 
by the action of solar light, Imt the exact changes which attend 
their ]jroduction arc not understood. The crystals obtained from 
the blood of different animals present differences of form and of 
solubility. They arc generally prismatic, but those of the rat and 
the mouse are tetrahedral, and arc very sparingly soluble, requiring 
600 parts of w'atcr for tbeir solution. Tlie ultimate analysis of 
lia 3 matc)idin fhriiislies results almost identical with those obtained 
from albumen. The purified crystals from the blood of a dog con- 
tained from 0*7 to 0*9 per cent, of ash, more than half of wliich 
consisted of peroxide of iron ; phosphoric acid was also present in 
consideralde proportion , 

Globulin . — The (jlobalin wdth which the haimatin is combined 
has already been described (1404) as a compound bearing a strong 
analogy to albumen ; it is contained in a state approaching to 
purity in t he crystalline lens, and it constitutes "the most abundant 
ingredient in the blood-globules. 

The eombiiiatiou of globulin with hsematiii, or hcumato-glohulin, 
which is present in the red corpuscles is very readily acted upon 
by oxygen, and by many other gases, and is concerned intimately 
with the changes produced in the blood during the process of 
respiration. Oxygen gas is absorbed by the red corpuscles when 
suspended in the scrum or when dissolved in water, the liquid 
assuming a brilliant red colour, whilst a disengagement of car- 
bonic acid gas occurs. It is owing to this action of oxygen that 
the upper portion of the coagulum in venous blood, which is 
the part most exposed to the action of the air, is of a brighter red 
than tiie lower portions of the clot. Carbonic acid is likewise 
absorbed by the red particles j their colour then becomes changed 
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to a dull purple, but the brilliancy of the reel hue may be restored 
by further pxposure to the action of oxygen : many saline sohi- 
.tions, such as those of nitrate of potash, also restore the red Colour, 
and a similar effect may be obtained if syrup be added to the liquid. 
Henle supposes that the change of colour in the red corpuscles by 
the action of such solutions depends upon alterations in the form 
and volume of these bodies, in oonscqucnce of the solutions pro- 
ducii^ endosmosis or exosmosis through tlic cell- membrane which 
investV^the colouring particles, and by incrcasing^or diminishing the 
transparency of this membrane, causing the colour of the Inematin 
to be more distinctly perceptible : but the solution of the colouring 
matter in water experiences similar modifications in colour, so that 
the explanation of Ilciile is not admissible. Sulphuretted hydrogen 
causes the colour to pass into a dull green, and the red hue cannot be 
afterwards restored. Protoxide of nitrogen colours Inemato-globulin 
purple, and oxygen reproduces the scarlet colour in blood wliich has 
been thus acted upon. Sul])hurous acid, and acid gases in general, 
darken its colour, which is again restored by oxygen. Admix tiu*e with 
saline solutions also restores the red hue to blood which has been 
darkened by sulphurous acid. From these facts it is obvious that 
ha^raato-globulin is a compound extremely prone to cliaiige under 
the influence of many reagents. 

(1431) 2 . C H YLE . — The term chyle i s applied to th c li q ii i d deri ved 
from the nutritive portions of the food, which are absorbed from the 
inner surface of the intestines by a set of >'csscl.s, termed the lacteals^ 
wliich pour their contents into one large absorbent trunk, called 
the thoracic duct, by which the chyle, as fast as it is supplied, is 
emptied into the general current of the circulation. The chyle 
differs in its qualities according to the nature of the food which 
lias been taken, and* according to the situation in which it is 
collected for examination. When removed from the body, it, in 
the course of a few minutes, undergoes a spontaneous coagula- 
tion, owing to the presence of fibrin. In this respect chyle differs 
from all tlic other animal fluids, except the blood and the lymph. 

Chyle is an opalescent fluid, of a yellowish white, or pale reddish 
colour. It has a somewhat saline mawkish taste, and a very 
feebly alkaline reaction : it is generally more or less milky, from 
its holding in suspension minute granules, and globules of fatty 
matter; this mtlkiness is particularly observable when the food 
has contained much fat. Chyle, when boiled, generally deposits a 
few albuminous flocculi. Few satisfactory opportunities have 
occurred for examining the composition of human chyle. The 
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proportion of fibrin contained in tlie chyle of the lower animals is 
subject to considerable fluctuations. In the chyle of a Jiorse it w as 
found by Simon to amount to 0*44 parts per cent. ; in that of a 
cat Nasse found 0*13 parts of fibrm ; and Rees found 0*37 parts 
of fibrin per cent, in that of the ass. When collected from the 
lacteals, before pas^sing through the mesenteric glands, chyle fre- 
quently docs not coagulate spontaneously, and the coagulation only 
occurs fully in that taken from the thoracic duct. i 

It has been , observed that the quantity of fibrin is grater in 
animals from which the chyle has been collected while fasting. 
The quantity of fibrin in the chyle is also increased after passing 
through the mesenteric glands, as though a considerable portion of 
fibrin w'crc added during its transmission through these organs. It 
appears not to be improbable that the albuminous matters are gra- 
dually converted into fiiirin during their passage through the vessels, 
in the same way that albumen is formed whilst the aliments arc 
passing from the stomach through the small intestines ; since the 
quantity of fibrin increases, the nearer it approaches to the point 
where the chyle empties itself into the ‘'general mass of the circulat- 
ing fluid. A few blood corpuscles are found floating in the chyle 
wlicn it has reached the thoracic duct ; and, when viewed by the 
microscope, multitudes of minute granules arc seen in suspension, 
in addition to which there are other corpuscles, resembling those 
of pus in appearance, besides which floating globules of fat arc dis- 
cernible in considerable numbers ; in fact, the composition of the 
chyle resembles tliat of the blood, but is far more dilute; the pro- 
portion of solid matters in the chyle of the horse varying from 4 
to 9 per cent,, whilst in the blood it rises as high as per cent. 

Cliyle usually contains a modification of albumen, which 
Protit terms hicipient albumen, in quantity varying from i to 5 or 
6 per cent., according as the food has contained a larger or smaller 
quantity of azotised matter. The chyle, on exposure to the air, 
assumes more or less of a red colour, and thus approximates in 
another remarkable particular to the blood. This colour becomes 
increfiscd in intensity after the liquid has passed through the 
mesenteric glands. 

(1432) 3. Lymph, — This is a colourless, or yellowish fluid, 
which has usually a faintly tulkaliue reaction. It is procured from 
the lymphatic vessels, and, owung to the difficulty of obtaining it 
in sufficient quantity, it has been but imperfectly examined. It is 
distinguished from all other animal fluids, except the bloocl «uid 
the chyle, by tlie presence of fibrin in solution ; m consequence 
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of which it coagulates in a few minutes after it has been with- 
drawn from the body, and forms a scanty colourless coagulum. The 
quantity of fibrin in lymph from the human body, obtained in 
cases of injury, has been foiftid to be between •o'3 and 0*5 per'" 
cent.; in the horse it varied from 0*04 to 0*33 per cent. Tlie 
quantity of albumen in human lymph is stated to vary from 0*4 
to 6*0 per cent., but in the lattcj* case it is not improbable that 
the ]|^mph was mi.\ed with effused serum. 

(1433) 4* Milk. — This important secretion is produced by 
the mammary gland of the female animal of the order Mammalia, 
after giving birth to young ; from the circumstance that the milk 
constitutes the entire food of the young animal for many months, 
it presents a high degree of physiological interest in r:dation to 
the suj)ply of food, and to the processes of nutrition and of growth. 

Milk is a liquid of a well-known yellowish, or bluish white, 
appearance, which is produced by the presence of a large quantity of 
oily matter in suspension. It has a sweet taste, a slight but agree- 
able odour, and a feebly • alkaline reaction. When allowed to 
stand undisturbed for a few hours, the greater part of the fatty 
matter rises to the surface, and forms the layer wliich constitutes 
cream. When viewed by the microscope in a very thin layer, 
milk appears to be transparent ; it contains a large number of highly 
refracting, transparent, oily globules floating in a transparent 
liquid ; these globules are contained in a very thin investing 
membrane, which is not visible till the milk is treated with dilute 
acetic acid. Agitation of the milk with ether does not dissolve 
the fat, but if a small quantity of potash be added to milk, and 
it be then shaken up with ether, the fat is completely dis- 
solved, the pellicle which envelopes the globules having been 
dissolved by the action of the potash. ^ 

The object of churuing, in the preparation of butter from 
cream, is to break up mechanically the little sacculi which enclose 
the oily matter, and thus to facilitate the agglomeration of the 
fatty particles into masses, and to favour the separation of the 
liquid constituents which enter into the formation of the butter- 
milk. The more completely the albuminous and caseous mat- 
ters are washed away, and the more compactly the butter is 
pressed, the longer may the butter be preserved without becoming 
rancid, since the caseous matter acts as a ferment, which speedily 
effects a partial decomposition of the fat. The addition of salt to 
the hhtter, by retarding the decomposition of the azotised matter, 
the fats unaltered for a considerable period. 
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In addition to oily matter, milk contains two other charac- 
teristic ingredients, viz., milk sugar and casein, both of which are 
held ip solution. Albumen is absent from this solution in its usual 
condition, but it is abundant in the colostrum, or milk which is first 
produced after the birth of the young animal. The quantity of albu- 
men in the colostrum of the cow is so considerable, that it coagulates 
when heated. The colostrum is denser than normal milk; it has 
a ycllowivsb colour, and approaches serum in quality. It is worthy 
of observation that the sugar contained in milk is of m kind 
which does not uifdergo alcoholic fermentation, and consequently 
is not liable to produce an ' evolution of carbonic acid during 
digestion, so that distension of the tender stomach and intestines 
of the young animal from this cause is guarded against. 

The salts contained in milk consist of the chlorides of sodium and 
potassium, of phosphates of the alkalies, and of a certain proportion 
of soda and potash, wdiieli arc combined with the casein and 
confer solubility U])on it ; in addition to which, phosphates of lime 
and of magnesia are also found in considerable quantity. These 
phosphat(*s arc essential to the development of the bones of the 
young animal. A minute quantity of oxide of iron, amounting, 
according to Ilaidlen, to 0*47 per cent, of the entire amount of 
ash, is also found in milk. No suljdiatcs, lactates, or salts of 
ammonia, are present in fresh milk. The quantity of salts found 
in coM'^s milk usually amounts to about 0*7 per cent. In woman^s 
milk it is about 0*2 per cent. The composition of milk varies not 
only in the different speei(*s of animals, but also in the same animal 
at different periods of lactation, the proportion of butter being 
especially liable to fluctuation, and being greatly under the inflixencc 
of diet : it also appears that the milk last yielded during the act of 
milking is the richest. The followiug table comprises the results of 
the analysis of milk in various species of animals, and will give an 
idea of the general nature of this liquid : — 


AVater .... 
Butter .... 
Su^^ar and solu- ) 
ble salts . J 
Casein and in- ) 
soluble salts J 

Woman. 

Cow. j float. 

Asb. 

Sheep. 

Bitch. 

2-6 

4*9 

3*9 

87-4 

4 0 

3*^ 

820 

4.5 

4*5 

90 

90-5 

1*4 

64 

1*7 

86-6 

4*5 

4*2 

5*7 

66*3 

14*8 

2*9 

i6*o’ 

Sp, gr. varies ) 
from . . ] 

1-030) 

1034) 

1-030 

1*035 

1-036 

1-023 

1 035 

1*03.5 

1*041 

) i 

1033 

1-036 



THE SALIVA. 


007 


The spontaneous acidification of milk when kept, and the 
consequent curdling of the milk, as well as the action of acids 
generally, in coagulating milk, and the effect of various neutral 
salts of the earths upon this liquid, have already been mentioned 
(959, 1407). 

B. Liquids concerned in Digestion. 

• 

(1^4) I. The Saliva. — TJiis secretion is poured out by tho 
parotid\and other glands, the duets of which emj)t\ tlieuiselvcs into 
the cavity of the mouth. Its Miief use ajipears to be to lubricate and 
Ihoisten the food, and to facilitate the act of deglutition. The 
saliva varies in composition considerably in din’erent animals. Tn 
man it is an opalescent, somewhat viscid liquid, wdiieli froths re- 
markably on agitation. The quantity of fixed solids which it con- 
tains in solution was fouml by Lehmann to lie betwTcn 0*388, 
and 0*841 per cent., but it has been observed as liigh as i*6 per 
cent. In the dog the solids amount to about 1*03, and in the 
horse to i per cent. In addition to epithelial particles, and to 
mucus derived from the mouth itself, the saliva contains a peculiar 
organic principle, termed gtyaUny which resemldc's albuminate of 
soda, and which is very jironc to putrefaction. Ptyalin constitutes 
about one-third of the soluble solids of the saliva. It is charac- 
terized by its power of converting starch, even in the granular 
form, into dextrin and into sugar. 

The saliv^a in health has a feebly alkaline reaction; its alkalinity 
is increased during mastication, and diminishes after the process 
of digestion is completed. In inflammatory aflcctions of ihv primes 
t'iee the saliva is, howev^cr, gcmcrally acid, and the same fact has 
been observed in various other forms of inflammatory disease. 
The inorganic constituents of liie saliva consist of soda, and salts 
of potash and soda, with a considerable quantity of the salts of 
lime, which is depooitcd from the saliva of many animals (the 
horse, for example) in the form of crystallized carbonate, when the 
secretion is exposed to the air and allowed to absorb carbonic acid. 
It likewise occasionally contains lactates of the alkalic's. Saliva also 
always contains a small quantity of phospliate of lime. This jdios- 
phate of lime mingled with a variable proportion of carbonate of 
lime and of salivary mucus, constitutes those calculous concretions 
which sometimes form upon the teeth, ^ and are known as tartar. 
Minute quantities of sulphocyanide of potassium are also present in 
the saliva, as may be proved by the red colour which it yields on 
the addition of a dilute solution of the perchloride of iron. When 
sulphur has been taken medicinally, Wright found the quantity of 
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tlie sulphocyanide to be considerably increased. The sulphates 
are almost entirely absent from the ash of saliva. 

(1435) 2. The Gastric Juice.— This important secretion is the 
principal agent in effecting the digestion of the albuminoid portions 
of the food, but it exerts little action upon the starchy and fatty con- 
stituents. Tlie gastric juice, asats name implies, is poured out from 
the lining membrane of the stomach. Its composition varie^r at dif- 
ferent times, in (jpnscquence of which its reaction upon litmufe paper, 
when obtained from an empty stomac^i, is either neutral or slightly 
alkaline; but after the ingestion of food into the stomach, it is 
always acid. In this, which may be considered its normal state, 
the gastric juice is a clear colourless liquid, which has a peculiar 
odour, and a slightly saline and acid taste. It does not become 
turbid when boiled, and it is ren*^ ark able for its antiseptic 
powders. It may be kept for many days at too® without exhibiting 
any tciulciicy to become putrid. The nature of the acid 
contained in the gastric juice has been much disputed, some 
chemists maintaining with Dr. Front that it is the hydrochloric, 
Olliers with Bloiullot, that it consists of phosphoric acid in the 
foi m of superphosphate of lime, and others, that it is composed of 
lactic acid. In truth it appears generally to consist of a mixture of 
hydrochloric and lactic acids. The principal* saline matters present 
are common salt, with small quantities of the chlorides of calcium 
and of magnesium, lactate of soda, and traces of phosphate of lime 
and of iron. The quantity of phosphate of lime is very small, and the 
sulphates and jihosphates of the alkalies arc almost entirely want- 
ing. Ill addition to these bodies, however, the gastric juice con- 
tains a small quantity of a peculiar organic compound, which has been 
termed pepsin, to whicji, in conjunction with the free acid, the re- 
markable solvent and digestive powers of the gastric juice are owing. 

Pepsin is an albuminoid body, soluble in water, but insoluble 
in alcohol. Its aqueous solutions are precipitated by corrosive 
sublimate, by salts of lead, and by solutions of tannic acid. 
When boiled it loses its peculiar power of effecting digestion. 
An artificial gptric juice, which acts as a solvent upon muscular 
fibre, boiled eggs, and albuminoid substances generally, may be 
obtained by digesting the mucous membrane of the stomach ;^ith 
a warm but very dilute solution of hydrochloric acid. tn the 
course of six or eight hours such a solution, if maintained at a 
temperature of 100®, will dissolve pieces of hard-boiled egg and of 
beef; but the solutions thus obtained do not coagulate on the 
application of heat. They contain what Dr. Front terms imipiant 
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albumeriy which does not ’acquire its ordinary properties until after 
it has been subjeeted to the action of the pancre«*^i^ 
secretions. 

In preparing this artificial Sigestivc liquid the mucous mem- 
brane of the stomach of the pig is generally employed as the 
source of the pepsin, the most active portion being the glandu- 
lar layer, extending chiefly along the greater curvature towards 
the cfll'dia. In the appendix to Lehraann^s work (vol. iii. p. 503), 
it is sftited on the authority^ of Gruenewaldt, whci had an opportu- 
jiity of making experiments upon a woman sufibri ng from a gastric 
fistula, that the quantity of the gastric juice secreted in twenty- 
four hours amounted to the enormous quantity of 3 1 lb. ; but 
the greater portion of this liquid was, of course, re-absorbed by 
the mueous surface. 

In this case the gastric jiucc was carefully analysed by Schmidt. 
The following are his results. It had a sp. gr. of 1*020. When 
heated, it emitted an odour of butyric and propionic acids, and was 
found to contain in 100 parts : — 


Water 

Pepsin 

Sugar, albuminates, lactic, and butyric acid, 

and ammonia 

Chloride of potassium 

Chloride of sodium 

Potash 

Phosphate of lime 

Phosphate of niagiicsia 

Phosphate of iron 


954*^3 

0*78 

3«'43 
0*70 
4*26 
0*1 7 
1*03 

0*47 

0*01 


No free hydrochloric acid was found in this analysis ; but 
when the stomach of this patient was irritated by introducing 
peas instead of masticated food,.free hydrochloric acid was obtained 
from the gastric juice, which was secreted uninixed with saliva. 

Schmidt found the quantity of. free hydrochloric acid in the 
gastric juice of dogs, when linmixed with saliva, to amount to from 
0*245 ^* 4^3 cent. Small quantities of chloride of ammonium 

were also present in it. 


(1436) 3. The Pancreatic FLUiD.~>The secretion from the pan- 
creas resembles the saliva in some .espects. It has an alkaline 
reaction, and putrefies rapidly. It possesses the power of saocha- 
rifying starch in an eminent degree, so that it appears to assist in 
an important manner in the assiAiilatibn of the amylaceous portion 
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of the food, wl^ich is not rendered soliAle by the action of the 
gastric juice, Bernard considers that one of its chief functions 
is to* aid in tl\p assimilation of fatty substances, but the investiga- 
tions since made in Germany by Several careful and experienced 
observers have thrown some doubt upon the accuracy of this view. 
It is, however, certain that the pancreatic fluid furnishes a very 
perfect emulsion w^hen agitated, with oil, and it has been found 
that such an emulsion continues to exhibit the same milky appear- 
ance if left at rest for fifteen or twenty hours. Under these cir- 
cumstances the emulsion, wliich at first has an alkaline reac- 
tion, generally becomes acid, and butyric and other vdlatile acids 
arc found in the liquid. The liquid from the pancreas generally 
becomes coagulated when heated ; it is one of the few secretions 
which contains albumen in the soluble form, the proportion of 
albumen having been found by Ticdemann and Gmelin, in some 
cases, to amount to 4 per cent, of the entire liquid. They also 
ascertained the presence of albumen in this secretion in the horse, 
the sheep, and the dog. 

(1437) 4. Mucus. — Those cavities of the body wdiich ccfmmuni- 
cate with the external surface arc lined with a peculiar kind of 
membrane, distinguished as the mucous membrane. The material 
of which these membranes consist appears closely to resemble albu- 
men in its coagulated state, but it is covered with a pavement of 
nucleated epithelium cells, which are continually undergoing gradual 
disintegration and solution. A tough viscid secretion, termed mucuSy 
constantly bathes the surface of these membranes. In this 
secretion the epithelial particles can be traced in difterent stages 
of disintegration. The characters of mucus difler greatly with 
the surface from which it is obtained ; but it usually assumes the 
appcaraiu'c of a tough glairy semi-transparent mass, wdiich swells up 
in water, but is not dissolved by this liquid. To the substance which 
gives it this glairy consistence, the name of mucin has been applied. 
Mucin is turned yellow hy nitric acid ; but it difters from albu- 
men, since its solutions are not precipitated by corrosive sublimate ; 
it is also not precipitated from its acid solutions by ferrocyanide of 
potassium until after t}ie acid solution has been boiled. The mucus 
from the surface of the alimentary canal, and its appendages, is 
coagulated by acetic acid a^d by weak acids in general, but it is 
soluble in alkaline solutions. The mucus from the surface of the 
iirii^ary organs is dissolved to a certain extent both by acids and by 
alkalies. Both forms of mucus are immediately coagulated by 
alcohol, and the secretion presents many characters resembling those 
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of a solution of albumen. Alkaline chlorides are abundant in mucus 
from the nose; and the phosphates of the alkalies and small 
quantities of phosphates of the earths are also present. 

(1438) 5. Thf. Bile. — This important secretion is produced 
from venous blood by the liver, and in most animals provision is 
made for its accumulation in a ^ac connected with the gland, 
tern^^the gall bladder. When taken from this receptacle it 
constitutes gall, or cystic bile, ^ 

Human bile is a ropy liquid, of a yclloAvish green colour when 
(Concentrated, but of a bright yelloAv when diluted. It has a 
peculiar musky odour and a bitter taste. AVhen poured into 
water it sinks to the bottom, and does not readily mix with it, 
but it may be mixed with it by agitation, and it then forms a 
liquid which froths strongly, like a solution of soap. The viscidity 
of the bile is owing to the presence of a quantity of mucus from 
the gall bladder, which it holds in solution. Owing to the pre- 
sence of this mucus the bile is very prone to putrefaction ; but if 
the mucus be got rid of by coagulation with acetic acid and filtra- 
tion, or otherwise, the bile may be preserved without decomposition 
for some time. 

Ox bile, owing to the facility with which it may be procured, 
is the variety which has been chiefly examined. It hits usually 
a sp. gr. of about 1*026, and, according to Berzelius, it contains the 


following ingredients in 1 00 parts : — 

Water 90*44 

Biliary and fatty bodies .... 8*00 

M ucus 0*30 

Watery extract, chlorides, phos-') 

phates, and lactates . . . ) . ^ 

Soda 0*41 

No albumen is present in the bile, but its organic constituents 
contain a small percentage of nitrogen. It also contains sulphur 


in notable quantity. It is remarkable that the salts found in the 
bile pf salt-water fishes consist almost exclusively of those of potash, 
while the salts of the bile of fresh-water fishes, and of the herbi- 
vora, consist chiefly of those of soda, although, from the circum- 
stances in which the two classes of animals are placed, the opposite 
results might have been anticipated. 

Owing to the facility with which bile undergoes decomposi- 
tion, the statements of the earlier chemists who examined this 
liquid were contradictory, and the true nature of the organic con- 
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stitiients of the bile appears to have escaped the sagacity even of 
Berzelius and of Mulder. Liebig was the first to suggest that the 
essential component of the bile ought to be regarded as a resinous 
soap; and tlie subsequent masterly researches of Strecker have 
at* length removed all doubt respecting the true nature of the 
biliary secretion. 

The result of these investigations has been to show that ox 
bile may be regarded as a species of soap formed by the combina- 
tion of two peculiar resinoid acids with soda. Both of these resi- 
nous acids (the glycocholic and the laurocholic) contain nitrogen. 
The taurocholic acid also contains sulphur, but the glycocholic acid 
is free from this element. Ox bile also contains, in addition to 
;hc mucus of the gall bladder, minute quantities of cholcstcrin, 
and a small amount of stearic and oleic acids, united with potash 
and ammonia. Besides these substances a peculiar colouring matter 
is found in combination with an alkaline base. 

(1439) Glycocholic Acid; {Cholic acid of Strecker; HO, 
constitutes the principal portion of the 
resinous matter of ox bile ; it forms white voluminous silky acicular 
crystals, which shrink much in drying; it is sparingly soluble in 
cold water, more freely so in hot water ; the solution on cooling 
deposits crystals, which have a bitterish sweet taste. Alcohol dissolves 
it freely, but leaves it as a resinous mass on evaporation : it is very 
s[)aringly soluble in ether. The salts which it forms with the alka- 
lies and the earths may be crystallized ; they arc soluble in alcohol. 

GJycoeholic acid, when boiled with excess of an alkaline 
liquid, such as solution of baryta, undergoes a remarkable decom- 
position : the whole of the nitrogen is separated in the form of 
glycoeinc, which remains in the solution, and a new resinoid acid, 
the cholic acid of l)cmar9ay {cholalic acid of Strecker), is found in 
combination with the baryta : — 

Glycocholic* Acid. Cbolato of Baryta, Glycocino. 

110, -h HO,BaO =:BaO, 

The elements of glycocholic acid, with those of two equivalents 
of w ater, contain the elements of cholic acid and of glycocine ; so 
^lat the decomposition of glycocholic acid by alkalies is analogous 
to that of hippuiic acid, by acids. If glycocholic acid be boiled 
with acids it gradually loses water, and becomes converted first 
into cholonic acid (CgalfiiNOio), and then into glycocine, and 
choloidic acid (C4QH390y; 1441), and the latter, by a further loss of 
water, is ultimately converted into dy sly sin (C^gHgeO^). 
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Solutions of tlie neutral acetate of lead, of corrosive subli- 
mate, and of nitrate of silver, produce no precipitates in an aqueous 
solution of glycocholic acid. The salts which it forms with* the 
alkalies are also unaffected by» solution of chloride of barium; 
but they are precipitated when mixed with solutions of the salts of 
copper, of lead, of iron, and of silver. The silver precipitate is 
somewhat soluble in boiling water,^and crystallizes as the solution 
cooll^^ Acetic and other acids, when added to the solution of the 
glycocholates, decompose them, and throw down the acid in the 
form of a i;esin. Glycocholhte of soda (NaO, d;,H«NOi,) may 
be obtained in crystals by the addition of three or four times its 
bulk of ether to its alcoholic solution, but it does not crystallize 
either from water or from alcohol : it fuses easily to a resinous 
mass. The crystals have a very characteristic form ; they consist 
of six-sided prisms, with the ends obliquely truncated. The crys- 
tallized bile of Platner consists of a mixture of the glycocholates 
of potash and soda. 

Preparation, — (xlycocholic acid is not obtained pure without 
considerable difficulty. Recent ox bile is evaporated, and the 
residue is dried at a temperature of 250°; after which it is 
digested with cold absolute alcohol. The solution thus obtained 
is filtered, and ether is gradually added ; by which means a brown 
resinous mass is separated. As soon as the liquid has thus de- 
posited most of the colouring matter, it is decanted, and the glyco- 
cholates of soda and potash, which are still retained in solution, 
are precipitated by the further addition of ether. The liquid 
becomes milky, a further separation of a rcsinoid substance occurs, 
after which the glycocholates arc gradually deposited in the form 
of stellate tufts of needles. These crystals must be washed with 
anhydrous alcohol, containing one-teuth of its weight of ether, 
and then rapidly dried* vacuo, IR order to obtain the acid, 
the crystals must be dissolved in water, and precipitated by dilute 
sulphuric acid; crystals of glycocholic acid are slowly deposited. 
Thi's substanc®, however, is not pure even yet, for a part only of 
these crystals is soluble in water, scales of a body isomeric with 
glycocholic acid being left ; this insoluble portion has been termed 
par acholic acid by Strecker. If paracholic acid be dissolved in 
alcohol, the addition of water precipitates it in the form of crystals 
of glycocholic acid. 

(1440) Cholic acid of Demar9ay, cholalic acid of Strecker; 
(HO, C48H390 j„ 5 Aq). — By adding hydrochloric acid drop by drop 
to the solution of cholate of baryta obtained by boiling glycocholic 
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acid with baryta^ the cholic acid is separated as a resinous mass ; 
and this, on adding a small quantity of ether, is converted into colour- 
less brittle tetrahedra or octohedra, which are efflorescent. Cholic 
acid is very slightly soluble in wa1;er, forming with it a solution 
which distinctly reddens litmus. . It is however freely soluble in 
alcohol, but less soluble in ether. The ethereal solution deposits 
the acid in rhombic tabular crystals which contain 2 , Aq ; this water 
of crystallization may be expelled by a gentle heat, after wb^^'the 
acid fuses at 383°, and a little beyond this it loses its basic water, 
and becomes converted into choloidic acid, and by a still further 
heat, into dyslysin (1441). 

The cholates of the alkalies and of baryta are soluble in w^ater 
and in alcohol ; most of them may be crystallized from their alco- 
holic solution. The most characteristic test for cholic acid is 
furnished by treating it with sugar and sulphuric acid ; an intense 
red colour, passing into a violet, is thus developed. Pettenkofer, 
to whom this observation is due, has founded upon it an excellent 
test for the ])resence of bile in organic fluids, cholic acid being 
formed by the reaction of the suljdiuric acid upon the resinoid acids 
of the bile, and then furnishing the reaction in question. In order 
to apply this test, an alcoholic extract of the substance for exami- 
nation is j)repared, and dissolved in water ; a dro]) of syrup con- 
sisting of 1 part of sugar to 4 of water is then added, and pure 
sulphuric^ acid free from suljdiurous acid is cautiously poured in : 
the liquid at first becomes turbid, but it clears as more acid is- 
added, and passes in succession through cherry red, carmine, and 
purple into violet, l^hc temperature must not be allowed to rise 
beyond 130° or 130°, and care must be taken not to use too much 
sugar, or it would be liable to become charred by the sulphuric acid. 
Acetic acid may be substituted for the syrup in applying this test. 

Cholic acid approaches the fatty acids in character, and its 
salts arc somewhat analogous to ordinary soaps. 

(1441) Choloidic acid (C48H39OJ,). — Glycocliolic acid is soluble 
in cold concentrated acetic, sulphuric, and hydrochloric acids 
without alteration, but it is decomposed when heated with them. 
If glycocliolic acid be boiled with hydrochloric acid, glycocinc is 
separated, and a new resinous acid, the choloidic of Demar^ay, 
is produced ; this acid contains an equivalent less of water than 
the cholic : — 

Oly (*00110110 Acid. Choloidic Acid. Glycocinc. 

+ HO = + CJI^NO^. 
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ChoIoi^Q^|t<^id is a resinoas^ white, friable substance, freely 
soluble iu ^cobol, scarcely soluble in ether, and insoluble in Y^ttcr. 
It ^feddjDj^^H^us, and when treated with sulphuric acid and sugar 
prodt^'ihe same reactions as cholic add. The alkaline choloidates 
are' soluble in alcohol and in water, but they do not crystallize; 
choloidate of baryta is insoluble in water. These salts are isomeric 
wi^the cholates, but do not at all fesemble them. Choloidic acid is 
staic 9 »io contain no basic water, but this appears to be doubtful. 

Both cholic and choloidic acids, like oleic acid, when distilled 
with nitric acid yield, by oxidation, the volatile fatty acids of the 
group acetic, butyric, caproic, oenaiitliylic, caprylic, 

pclarjgfteicjpand capric acids having been discovered in the results 
of the distillation by Redtenbachcr. Various other oxidized products 
remain in the retort, among which are oxalic and cholestc^’ic acids 
(1444), and ^ crystallizablc body termed choloidanic acid (Cjjll240i4). 

By long boiling with hydrochloric acid, the choloidic acid in 
turn is decomposed ; it loses 3 more equivalents of water, 
and becomes converted into a*ncutral resin (C^gHsJjOo), fusible at 
384®, and which, from its difficult solubility in ordinary solvents, 
Bepselius calls dyshjsin. 

(1442) TaurochoHc Acid; Choleic Acid of Sircckcr (IIO, 
C52H44 NOi 3S2). — The sulphuretted acid of ox bile is tlie less abun- 
dant of its two components ; though it is the principal ingredient in 
the bile of serpents, of fishes, and of some other animals j it does 
not appear to have been isolatc(^in a perfectly pure state. It has 
however been ascertained that it giVes rise, by treatment with 
acids, to cholic or to choloidic acid, and to dyslysin, but instead of 
glycocine it furnishes a remarkable crystallizable body, which con- 
tains all the sulphur of the acid ; this substance has been named 
taurin (C4H7NO0S3) : — ^ # 

Taurocholjc Acid. Tanrin. Cholic Acid. 

Ha'c^^.NOisSa + a HO = C*H,NOei + HoTci^n^. 

Preparation . — In order to obtain taurocholic acid of tolerable 
purity, the following method recommended by Heiutz may be 
employed : — ^To an aqueous solution of ox-bile, neutral acetate of 
lead is added ' so long as it occasions a precipitate ; the iniicus, 
the oily acids, and the principal phrt of the glycocholic acid arc 
thus thrown down, and must be separated by filtration. To the 
clear liquid a solution of subacDtate of lead must next be added in 
small quantities at a rime, until the successive precipitates become 
quite white, and assuthe a plaster-like consistence, when the liquid 
FART III. z 7 
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must be again filtered^ and precipitated by the addition of an 
excess of snbacctate of lead mixed with free ammonia. This pre- 
cipitate^ which consists almost entirely of taurocholate of lead, must 
be purified by solution in alcohol, and reprecipitation <iby Water ; 
after which it must be decomposed by the action Qf sulphuretted 
hydrogen, and the taurocholic acid may be obtained by evaporating 
the solution, after filtering it to remove the sulphide of lead. ^ 

The taurocholates of the alkalifes are very soluble in water and 
in alcohol. They give no precipitate vdth neutral salts of lead, but 
with subsalts of this metal slowly deposit a' plaster-like compound ^ 
which is soluble in boiling water. They yield with sulphuric acid 
aii 3 sugar a violet colour similar to that produced by the cholates. 

The bile of most animals yields taurin when treated with the 
concentrated mineral acids, since the occurrence of taurocholic 
acid is almost universal in this secretion, but the other resinoid 
acid varies in different classes of animals ; that obtained from the 
bile of the pig, for example, termed hyocholic acid, contains (HO, 
064X142^09). ^Hyocholic acid yields glycocine when boiled with 
acids, whilst a new resinoid acid, the hyocholalic (059114008), is 
separated. The compound which hyocholic acid forms with oxide 
of lead docs not possess the fusible plaster-like character which 
distinguishes the lead salts of glycocholic and taurocholic acids. 
By long boiling with acids hyocholic acid is converted into glyco- 
cinc, and hyodyslysin (CgoHagOe) which is homologous with dyslysin,^ 
but contains (C2II2) more than tRc latter compound. Hyocholic 
acid itself is homologous with cholonic acid (HO, C52H49NO9), the 
resinous acid produced by boiling glycocholic acid with water, 
which under these circumstances loses two equivalents of water, 
Ilyocholeic acid (110, C64II44NOHS2), the sulphuretted acid ofpigs^ 
bile, bears a simiiar relation in its composition to taurocholic 
acid that the hyocholic does to glycocholic acid ; that is 4o say, 
it contains 2 equivalents of oxygen less, and 2 equivalents of carbon 
more, than taurocholic acid. 

(1443) Taurin (C4H7NO9S2). — ^This remarkable substance is 
readily prepared by freeing fresh bile from mucus by the addition 
of an acid, and filtering it ; the clarified bile is then boiled for 
sonle hours with hydrochloric acid ; the liquid decanted from the 
resinous acids is evaporated on the water-bath nearly to dryness, 
and decanted from the crystals of chloride of sodium which have 
separated : the mother liquor is the^ mixed with 5 or 6 times its 
bulk of alcohol, and the liquid on cooling yields crystals of taurin, 
which must be purified by recrystallization from water. The 
crystals of taurin assume the form of a six-sided prism terminated 
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by four and ^k-sided pyramids resembling those of quartz. Taurin 
is soluble in about i6 parts of cold-water ; it has a cooling taste; 
it is n6t solii^ble in absolute alcohol or in ether. The mineral acids 
dissolfd taurin without alteration, but do not combine with it, and 
even when heated with it they do not decompose it. Taurin contains 
more than 2^ per cent, of sulphur, but is a compound of 
remarkable stability. When burned in the open air it emits abund- 
anc^if sulphurous acid. Caustic potash dissolves it, and if boiled 
down with it nearly to* dryness, decomposes it^ ammonia being 
evolved abundantly, whilst sulphurous and acetic acids remain in 
combination with the potash. Hence it appears that the sulphur 
is already in oxidized condition. Taurin is isomeric with 
bisulphite of aldehyd -ammonia, a compound which may be pre- 
pared artificially, but which differs in properties from tamin; 
C4II4O2, H3N, 2 SO2 = C4,H7NOeS2. Strecker (Chem. Gaz., 1854, 
388) has however succeeded in procuring taurin artificially from 
isethionate of ammonia. Isethionic acid is prepared by absorbing 
olefiant gas by means of anhydrous sulphuric acid, and the product 
thus obtained is dissolved in water ; on neutralizing the liquid with 
ammonia, and evaporating it until crystals are formed on cooling, the 
isethionate of ammonia (II4NO, C4II5S2O7) is obtained. Now this 
salt contains the elements of taurin and 2 equivalents of water : — 

Isethionate of Ammonia. Taurin. 

H^NO, C4H5S2O7' = 2 HO -f C4H7 NO,s7 

On heating the isethionate gradually to 446® F., it loses 1 1 per 
cent, of its weight, and the residue when redissolved in water 
yields by spontaneous evaporation crystals which have the form and 
properties of taurin from bile. Cloetta has found taurin in small 
quantity ready formed in the lungs of the ox ; he believes it to be 
the substance termed pneumic or pulmonic acid by Verdeil. 

(1444) Cholestc 'in (C52H44O2 4* % Aq?). — This crystallizable 
fatty body constitutes a never-failing ingredient of healthy bile, 
though, according to Berzelius, it does not exceed in quantity one 
part in 10,000 of the bile. It is probably held in solution by the 
agency of taurocholic acid, which possesses a certain solvent power 
over cholesterin. It acquires its chief interest and importaifce from 
the circumstance that, owing to its extreme insolubility, it cannot 
be reabsorbed when once deposited, and Jience it frequently accumu- 
lates in the gall-bladder, and forms the principal ingredient in the 

f >st common varietj^of gaUr-stone or biliary calculus. Cholesterin 
found also as a normal constituent of the blood ; it is present 
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iu the brain in considerable quantity ; it is also a constituent of 
the yolk of the egg, and in small proportion is a very frequent 
component of serous and fibrous exudations. It appears also to 
be always present in pus.* " 

Preparation, — Gall-stones which contain cholesterin Ifiive a 
crystalline structure, and fuse on the application of heat, and they 
often have a specific gravity less than that of water. Such cal- 
culi furnish the best source of cholesterin. In order to oVS&m it 
from them the powdered gall-stones should be boiled in alcohol ; 
the solution as it cools deposits characteristic rhombic plates of 
cholesterin, which, after one or two recrystallizations, is obtained 
in a pure state. 

Cholesterin is nearly insoluble in water; ether dissolves it 
abundantly. When the ethereal solution is mixed with half its 
volume of alcohol and left to spontaneous evaporation, ^ regular 
crystals arc deposited ; they contain about 5 per cent, of water ; 
when heated to 21 oP, the crystals become opaque, and the 
water is expelled. Cholesterin fuses at 293®, and becomes 
crystalline on cooling; it may be •distilled at a temperature of 
660° without d('coinposition ; but at a somewhat higher tempera- 
ture it is partially decomposed. In the open air it burns with a 
smoky flame. The alkalies do not act upon it. Concentrated 
sulphuric acid decomposes it by removing w^ater and forming a 
mixture of three isomeric hydrocarbons (C52H42) termed cholesteric 
liuj which are distinguished by the letters a, b, and c, Long boil- 
ing of cholesterin with nitric acid converts it first into a resinous 
mass and then decomposes it, producing, amongst other bodies, 
cholesteric acid (HO, CyH^O^), which assumes the form of a light- 
yellow deliquescent substance, of an acid and bitter taste; it 
is readily soluble in alcohol. According to ftedtenbacher, the 
production of acetic, butyric, caproic, and oxalic acids, also accom- 
panies the formation of cholesteric acid. 

B'diary calculi are often found in the gall-bladder in large 
numbers ; they vary a good deal in appearance and shape r iu 
some cases they are nearly semi-transparent, and crystallized 
throughout, at other times they are strongly tinged with • the 
colouring matters of the bile. * Occasionally the cholesterin is 
deposited upon a nucleus of phosphate of limc,SDr of biliary colour- 
ing matter in comhi^ation«with lime. 

In some species of oiieutal goats, concretions, called bezoars^ 
of a brownish-green colour, are occasicmally found in the -stomach 
and intestines ; they contain a substance termed Uthofellm acid 
(HO, C^H350;) which a good deal resembles diolesterin in 
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appearance. This body crystallizes in six-sided prisms^ or in 
small rhombic prisms, with an oblique terminal face. It is 
insoluble in water, sparingly soluble in ether, but freely soluble in 
hot alcohol and acetic acid, ^t 400® it fuses, and if heated to a 
little beyond this it is converted into a resinous mass, the fusing 
point of which is reduced to about 230® F. If this resin be re- 
dissolved in alcohol it is again converted into the crystallizable acid. 
Li^^fellic acid burns with an agreeable odour and a white smoky 
flame. It combines with the alkalies and forms soluble salts ; the 
salts of lead and of silver are insoluble, and soften in hot water. 
Tjithofellic acid is distinguished from cholestcrin by its higher 
melting point by its ready solubility in solutions of the 
caustic and carbonated alkalies, and in acetic acid. 

The following table will assist in indicating the relations 
which subsist between the most important of the numerous com- 
pounds obtainable from the bile : — 

Glycocholic acid . C62H43NOi2 Hyocholic acid . . Cg4TT43NOio 

Cholonic acid . , C,2H4iNOlio 

Cholic acid . , . C48H40 Hyocholalic acid . Og 

Choloidic acid . . 

Dyslysm . . . . 043113^ Og Ilyodyslysm . . CgglT-jg Og 

Taurocholic acid . Cg2ll46NOi4S., HyocJioleic acid . Cg4ll'4;NOi3Sj 

Cholestcrin . . . C52II44 Oj Lithofcllic acid . . 0401X33 Og 

Taurin .... C4H7KOgS2 Glycocino . . . C4H5NO4 

(1445) Oolotiring Matters of the Bile , — If an alcoholic solu- 
tion of bile be filtered through a column of animal charcoal, it 
runs through nearly deprived of colour jj^but the colouring matter 
of the bile has never been isolated in a state of purity. There 
appear to be two modifications of it, one of them is brown, the 
other green : the latter is abundant in the herbivora ; it forms the 
biliverdin of Berzelius; who considers this green pigment to be 
identical with the chlorophyll, or greeu colouring matter of vege- 
tables. It is insoluble in water, but is taken up by alcohol and by 
ether. In human bile the brown pigment preponderates ; it has 
been termed chol^yrrhin. This brown colouring matter has a strong 
tendency to combine with the alkalies and the earths ; with the 
latter it forms compounds whidi are insoluble iu water and in 
alcohol. The brown colouring matter of the bile is very rapidly 
altered by reagents. The changes of colour produced in it by the 
action of nitric imid have been proposed as one means of detecting 
the presence of bile in certain*^ eases, as, for instance, when it 
occurs in urine : when a solution containing this colouring matter 
is mixed i^ith nitric acid, the colour becomes at first green, then 
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blue, rapidly passing into viojet; it then changes to 
finally the red slowly passes into yellow. 

Many biliary calculi contain a large quantity of the colotiHtog 
material in combination with lime, with which it forms E brown cohi- 
pound insoluble in water. Calculi are also frequently found in the Ox 
composed of a pure intense yellow colouring substance, much prhsed 
by artists for its durability and for the brilliancy of its tint. 

The greater part of the colouring matter of the bile, with 
portion of bile itself, passes off with the feeces, but by far the larger 
proportion of this secretion is reabsorbed into the system, where it 
has been conjectured to supply a portion of the material consumed 
by the oxygen in respiration for the maintenance of animal heat. 
This theory, however, seems to be questionable, since the constttuents 
of the bile have not been satisfactorily discovered in normal blood. 

The resinous acids of the bile, which constitute the character- 
istic constituents of this secretion, appear to be truly formed by 
the liver itself. The mode of action of the liver differs therefore 
in an important manner from that of the kidneys, since these 
glands do not produce the compounds* excreted by them. 

(1446) Sugar is not an ingredient in normal bile, but it is 
remarkable that this substance is one of the constituents of 
the liver itself, in which sugar is found in considerable quantity 
(Bernard). The full significance of this fact, in its physiological 
bearings, cannot be said to be at present understood. 

In cases of metallic poisoning, the liver has^generally been found 
to contain traces of the metal that has been exhibited, but it is 
important to bear in miri^ that iron, copper, and mapganese, are 
always present in minute quantity in the ashes of healthy human 
bile. Lead, arsenic, and antimony have been detected in the liver, 
in cases where they had been taken in poisonous doses ; and there 
is no reason to suppose that if death hkd occurred during the 
exhibition of these metals in medicinal defees, that traces of these 
substances would not be found in the liver if duly sought for^ 

C. Ea^crementitiofis Products^ 

(1447) Ukine. — This fluid is separated by the kidneys 

from arterial blood. Human urine,* to which the following remarks 
are applicable, unless otherwise specified, is usually of a light amber 
colour, and if submitt^ to f xaminatidn when fasting, is feebly acid 
to litmus ; but, aec^fidiiig to Bence Jones, the acidity diminishes 
during digestion, and whilst this frooeit is most active, the urine 
is often found to be slightly alkaline. Urine has a peculiar 
odour, and a saline bitter taste. Its specific grsfcvity varies with 
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the diet^and state of health of the individual, but it usually 
averages about 1*030. The quaiility passed during the twenty- 
four hours ^so varies with the quantity of liquids taken, but 
on an average it may be estinyited at forty ounces. Urine, when 
left to itself, speedily begins to undergo change. In most oases it 
first exhibits an increase of acidity, as Scherer has shown ; but after 
standing for a few days it begins to putrefy, and then acquires a 
pti^^jerful alkaline reaction and an^ ammoniacal odour, owing to the 
conversion of the urea into carbonate of ammonia. This alkaline 
decomposition of the urine sometimes takes place within the 
•bladder, particularly after injuries to the spinal cord attended with 
paralysis of th^glower part of the body. The mucus of the bladder 
appcars*to act asa ferment upon the urine, and has a large share in 
producing this decomposition* of the urea. 

Composition , — Urine contains among its components, urea, 
uric acid, hydrochloric, sulphuric, and phosphoric acids, in com- 
bination with potash, soda, lime, magnesia, and traces of ammonia. 
It also always contains a little vesical mucus, together with some 
other ill-defined azotised principles. In addition to these bodies, 
Stedeler has noticed' the presence of minute quantities of certain 
acids homologous with the carbolic and with oleic acid. The bodies 
contained in the urine arc mainly the products of oxidation, occa- 
sioned by the action of respired air upon the iiitrogenizcd tissues, 
and upon the sulphur and phosphorus which they contain. The 
following table represents the average composition of healthy 
human urine : — 


'Specific gravity 


Water 





I 


Wl 


Organic matters^ 
3979. 


Fixed salts, 13*35. 


* Urea . . . 

Uric acid 

- Alcoholic extract 
Watery extract . 

. Vesical mucus . 

' Chloride of sodium 
Phosphoric acid 
Sulphuric acid 

- Lime ... 

Magnesia 
Potash . 

, Soda .... 


1*030 

956*80 

14*33 

0*37 

ia*53 

3*50 

o*i 6 

7*33 

3*13 

1*70 

0*21 

0*13 

1*93 

0*05 


In 100 parts 
of solid 
matter. 

. 33 -C 50 

. 0-86 

• *903 

• 5'^o 

. 0*37 

. 1673 

• 4 ’ 9 i 

• 394 

• 049 

• 0'28 

• 4-47 
. 0'12 


999-94 100-00 
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The quantities of the various components of the |Hine are, 
however, subject to material variation, even in the same iiidivi4Dal 
at different times, although he may be in perfect ♦health. IPhe 
quantity of solid matters, and especially of urea, is proportionately 
increased with the increased amount of exercise taken, as the direct 
experiments of Lehmann have shown. Indeed it has been found 
to be a general rule that the wa^tc and reparation of the body are 
in direct proportion to the amount of exercise taken : duringoicfve 
exercise the number of inspirations in a given space of time is in- 
creased, a larger quantity of oxygen is brought into contact with the 
tissues, and a more rapid waste of their components ensues, and conse- 
quently a greater supply of food is demanded after ^vsreise than after 
the individual has been in a state of repose for an equal interval. 

In all ailimals the urine appears to form the principal outlet for 
the nitrogen of the effete azotised tissues of the system, though the 
compounds in which it is excreted vary with the kind of animal. 
Carnivorous animals, such as the lion, the tiger, and the leopard, 
excrete the greater part of the nitrogen in the form of urea ; and 
produce but a small quantity of uric acid. , The urine of these 
animals is clear, and nearly colourless, with a strong acid reaction; 
but it rapidly putrefies, and quickly becomes alkaline ^owi% to 
the decomposition of the urea. The herbivora likewise excrete a 
large quantity of urea ; but hi^ppuric acid in considerable quantity 
is contained in their urine, whilst uric acid is nearly wanting. 
Many of these animals, such as the rhinoceros and elephant, 
excrete a urine containing a large quantity of the bicarbonati^ of 
lime and magnesia, in consequence of which the urine is either 
turbid when voided or it speedily becomes so. TJie phosphates are 
almost entirely absent from the urine of the herbivora, but they ap- 
pear abundantly in the fseccs of these animals. Carnivorous birds ex- 
crete uric acid in abundance in the form of a shperurate of ammoniai 
and they also appear to excrete small quantities of urea : but urea is 
completely absent in grauivorous birds, which excrete abun^||^od 
of uric acid combined with a variable amount of ammonia. In tiiose 
carnivorous reptiles which live out of water, such as the serpent 
tribe, the excretions consist almost entirely of uric acid ; while in 
the amphibia, such as thft frog aud the toad, urea appears^ with very 
little uric acid. Uric acid has also been found in the excrements of 
insects. From these it is clear that in those animals wh^ 
drink freely, the & excreted principally in the fonA of 

urea, while in those which take very little fluid nutriment it is 
separated chiefly in the form of uric acid. 

In diseases attended with fever the quwtitf^ urieUBi^m 
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human mftkxn is greatly increased. ^ The question of the source 
wheiiee uric acid is derived is full of interest, especially to the 
pradJScal physician, since its morbid prevalence is^intimately con- 
nected with some of the most distressing maladies which afflict the 
human frame, such for example as gout, rheumatism, and certain 
^omas of calculous concretions from the urine. In some kinds of 
gmit, uric acid is developed and i;ptained in the system, chiefly in 
the^jpim of urate of soda, in the neighbourhood of the smaller 
joints, such as those of the fingers and toes, and the wrists, forming 
deposits commonly known aS chalk stones. The system is in these 
Cases loaded with lactic and acetic acids, the latter of which is 
thrown off abuaAijjitly in acid sweatings. Dr. Garrod, in cases of 
gout, has invariably found uric acid to be present in the blood, and 
he has also frequently detected it in the blood in Bright's disease : 
it has been found occasionally in healthy blood. Uric acid is 
likewise discovered without difficulty in the blood of animals from 
which the kidneys have been extirpated. 

The constitution of the urine is found to vary at different 
times of the day. That voided in the morning, for example, after 
the lapse of a ccMStsiderable interval without the ingestion of food, 
is the Result chiefly of chemical actions going on within the body 
itself, and is furnished by the decomposition of the tissues. Such 
urine has a very difierent composition from that passed in the 
evening, into which various bodies have been absorbed directly from 
the stomach. The nature of these bodies necessarily \ aides with that 
of th^ food, which also materially influences tlie quantity both of uric 
acid and of urea. With reference to this point, it was found by 
Lehmann in a ser^s of experiments upon his own person, that 
after restricting himself to an animal diet for several days, he 
excreted daily 8:ji grains of urea, and 21 ’6 grains of urib acid. 
After an exclusively vegetable diet for a similar period, the quan- 
tity of urea in twenty-four boiys amounted to 348 grains, and the 
uric Rcid to i5’4 grains; and after subjecting himself to a diet 
from which nitrogen was as far as possible excluded, the quantity 
of urea fell to 337 grains. When a highly azotised diet was taken, 
the same observer found that five-sixths of the entire quantity of 
nitrogen taken in the food was eliminated from the system in the 
form of urea. With an ordinary mixed diet the urine amounted 
to 37*3* ounces daily, and it contained ^01 grains oi urea and i8-a 
of uric acid. These quantities of urea and urie acid are somewhat 
higher than the average of that excreted by the healthy adult. 
The quantity of sulphuric acid in the urine is also mainly 
fideno^ by the proportion of azotised food taken; this acid indeed. 
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appears to be derived principally from the snlphur contained in the» 
protein compounds assimilated from the food. When a mixed diet 
was used, Lehmann found the quantity of sulphuric add excreted 
daily to amount to io8 grains ; with an animid diet it rose as high 

1^5 grains, and when a purely vegetable diet was consumed, 
the quantity of sulphuric acid excreted in the twenty-four hours 
fell to 90 grains. Many substances when taken into the stomach 
pass off unchanged by the kidneys, especially those which are^f a 
saline nature, such, for instance, as iodide of potassium, and ferro-^ 
cyanide of potassium : these salts may be commonly detected in 
the urine within half an hour after they have been swallowed. 

(1448) Urinary concretions , — ^Although thjjjsrkie in a healthy 
individual usually remains clear and transparent, even after it has 
cooled, it not unfrcquently, under the influence of disturbed health, 
deposits more or less abundantly some of its less soluble consti- 
tuents; these deposits in some cases assume the form of alight floc- 
culent powder, at other times they appear in more compact grains, 
which constitute the different forms of gravel, and in other instances 
they collect into larger masses, and give rise to urinary calculi. 

The most common urinary sediments are those which contain uric 
acid. When the uric acid is uncombined with bases it often Appears 
in small crystalline masses resembling grains of coarse sand, consti- 
tuting the ordinary variety of rod gravel, which consists of uric acid 
tinged with the yellow colouring matter of the urine; this sediment, 
if examined under the miqroscope is usually seen to possess the form 
of rhomboidal crystals, the edges of which are frequently rounded. 
In other cases the acid is found in the form of a light-brown 
amorphous sediment consisting of urate of am^jponia. Both these 
sediments, and especially the latter, are materially influenced by 
diet : excess of any kind, particularly in animal diet, drinkiag too 
much of acescent fermented liquors, over anxiety, exposure to cold, 
damp weather, and want of exercise, very frequently produce an 
increased excretion of uric acid, and cause a deposit of the urates of 
soda and of ammonia even from persons in health. In those stiffering 
from an habitual deposit of red gravel, an animal diet frequently 
aggravates the disease in a remarkable maimer. On the other 
hand it has been observed that uric acid is less abundant in 
the urine in summer, and is generally diminished after copious 
sweats. Lehmann states fbat the formation of uric acid calculji is 
unknown in tropical climates. 

When phosphoric acid is present in the urine in excess, it 
sometimes shows itself in the form of a white aand, |rhich is 
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usually ci^stallized, and consists of phosphate of magnesia and 
ammonia : but occasionally the depositMs amorphous. These two 
varieties of sediment constitute white gravel; they are attended 
almost constantly by an alkaline state of the urine. 

The principal varieties of urinary calculi as distinguished from 
sediments are the following : — i. Uric acid; z. Urate of ammonia; 

Oxalate of lime; 4. Phosphate^of lime; 5. Phosphate of mag- 
ncsiU and ammonia ; 6. Fusible calculus (a mixture of the two pre- 
, ceding ones); 7. Xanthic oxide; and 8. Uric^oxide. Urinary 
calculi are in many cases formed upon some foreign body as a 
Uuclcus, such as a clot of blood or a crystal of aity kind. 

I. Uric dr6<i?‘*45alculi are usually of a brownish-red or fawn 
colour : they have a smooth or finely tuberculatcd surface ; when 
sawn through they are generally found to be composed of concen- 
tric laminae^ and are somewhat crystalline. If a fragment of such a 
calculus be heated before the blowpipe^ it is consumed, emitting 
a peculiar animal odour, and leaving only a minute white ash. This 
Variety of calculus is soluble in a solution of potash, and uric acid is 
precipitated in white silky crystals on supersaturating the solution 
with an acid. If a fragment be heated on a slip of glass with 
nitric acid, it is dissolved -with effervescence, leaving an orange- 
coloured residue which is rendered of a beautiful pink or crimson 
by the addition of a drop of ammonia, after which the addition 
of a solution of potash developcs a magnificent purple. 

z. The urate of ammonia calculus is very rare ; it is usually 
clay-coloured, and smooth; and is deposited in fine concentric 
layers of an earthy appearance. It is more soluble in water than 
the preceding variety, and is dissolved with extrication of ammo- 
nia ^hen heated with a solution of potash ; in other characters it 
resembles uric acid. * 

3. Owalute of limb often occurs as a morbid ingredient of 
urine. The muBe^ry calculus consists of this substance : this form 
of concretion has usually a deep brown colour ; it is deeply tuber- 
culated and rough, and is very dense and hard. When heated 
before the blow-pipe, it first blackens, and then, if exposed to a 
moderate ted heat, it bums to a white ash consisting of carbonate 
of lime, which is dissolved by acids with effervescence; but if it 
has been more stron^gly heated, the ash is alkaline to test paper, 
and consists of pure lime. The finely^powdered calculus is soluble 
in nitric and hydrochloric acids, but it is insoluble in acetic acid. 
Concretions of oxalate of lime have been found in some of the 
lower tMiimals, as well as in man. Front considered its occur- 
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rcnce in tlic urine to be due to faulty assimilation of saccharine 
matters, but the conditions under which it is produced are not 
well ascertained. 

4. Phosphoric acid when combined with lime forms a rare 
species of calculus, the %one earth calculus (3 CaO, PO5) which is 
usually of a pale brown colour with a very smooth surface, and is 
regularly laminated in its texturei^ these laminae are often deposi^d 
in crystals radiating from the nucleus. The bone earth c6l(5mus 
is infusible before the blow-pipe ; it is readily dissolved by hydro- 
chloric acid, and the phosphate of lime may be precipitated from 
this solution in 9 gelatinous state by the addition of ammonia. 

5. Another form of phosphatic calculus eppsfl^fe of the phos- 
phate of magnesia and ammonia (II4NO, % MgO, POg). It is not 
unfrequent, and is spoken of by the older writers as triple phosphate. 
It is white, brittle, and more or less crystalline in structure ; it is 
seldom laminated, and its surface is uneven. It fuses with difficulty 
before the blow -pipe, emitting an odour of ammonia : dilute acids 
dissolve it readily, and the solution when neutralized with ammonia 
deposits it again in a crystalline form.*^ 

6. A third species of phospliatic concretion is fusible calculus ^ 
which consists of a mixture of the two preceding varieties. It is of 
frequent occurrence, and forms white friable masses which are rarely 
laminated, and often acquire a large size. This form of calculus 
fuses readily before the blow-pipe ; it is soluble in dilute acids, from 
which oxalate of ammonia separates lime, and pure ammonia throws 
down phosphate of magnesia. When the occurrence of phosphatic 
deposits is habitual, it always indicates a state of constitution 
severely disordered. Occasionally these phosphates are secreted 
from the lining membrane of the bladder in large quantity, forming 
a mortar-like mass of concretions. Th^ earthy phosphates are 
introduced into the system in considerable (Juantity in the seeds of 
the cerealia : beer contains so much phosphate of magnesia, that, on 
adding ammonia, the double phosphate of ammonia and magnesia 
is precipitated in abundance. 

The phosphates are also common ingredients of calculi in 
herbivorous animals ; in many instances they appear to b^ deposited 
from the urine simply from the development of free alkali, either 
owing to the decomposition of the urea, or to excess of alkaline 
matter introduced from witljput. 

Compound calculi are not uufrequent ; they are formed of a suc- 
cession of laminae, composed of one or other of the foregoing 
^ arieties. For instance, uric acid, oxalate of lime, and fusible cal- 
culus sometimes occur in successive layers in the same calcurtis. 
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7 and 8. The characters of the rare calculi containing the com- 
pounds known as and as cystic oxide have been already 

described {1396). 

The further prosecution of 4 :his subject belongs more properly to 
a work devoted to pathology than to one treating of general che- 
mistry. For th^ microscopic appeamnees of the various substances 
deposited from the urine, the re^i^cr is referred to Golding Bird's 
treatiae on urinary deposits, and to Beale's treatise on the 
microscope. 

(1449) The urine in dilease undergoes other important modifi- 
6?Ctions in its constitution : two only of these will^e adverted to on 
the present OGOPsjon. 

Diabetic Urine . — In the disease termed diabetes the urine is 
found to contain a large quantity of grape sugar, which is entirely 
wanting in the healthy state of the secretion. The souicc of this 
sugar lies in the faulty digestion of the food. The sugar appears 
to be absorbed directly from the alimentary canal into the blood, 
and is thence separated unchanged by the kidney. Dr. Percy has 
found that sugar when injocted into the blood is separated in an 
unaltered form in the urine, ^hc quantity of sugar which is 
excreted in twenty-four hours by x^^^-tients suHering from dia- 
betes is frequently enormous, amounting in some eases to up- 
wards of I lib. of solid glucose. The xn’oportion of sugar ex- 
creted in this disease, is greatly under the control of the diet ; 
substances which contain much amylaceous or saccharine matters, 
such as bread and x^otatocs, always occasion the secretion of a 
larger quantity of sugar : under the use of opium, and an animal 
diet, the saccharine matter is very considerably diminished. 

If sugar be x)resent in the urine, its x>rescnec may be inferred 
by the employment of Trommer's test, in which the reducing 
action of glucose u])on«thc salts of cop|)er is taken advantage of. 
The urine is first rendered strongly alkaline by the addition of a 
solution of potash, a few drops of sulphate of copper in solution 
are added ; on. agitation, the hydrated oxide of cox)per, which is at 
first precipitated, is rcdissolved ; and upon boiling the liquid, the 
yellow hydrated suboxide of copx)cr, which is speedily converted into 
the red anhydrous suboxide, is thrown down. If this reaction does 
not occur, no sugar is present. Since, however, other bodies besides 
sugar exercise a similar reducing influence on the oxide of copper, 
the presence of sugar should be fuftfier confirmed by the test of 
fermentation. In order to app’y this test, a small quantity of 
yeast is added to a portion of the urine, which is placed in an 
inverted tube over mercury, and exposed to a temx)erature of 80^ • 



718 ALBUMINOUS URINE — CUTANEOUS EXCRETIONS. 

if sugar he present, carbonic acid gas is liberated in the course of 
a few hours. 

The other important alteration of the urine here to be noticed 
consists in the excretion of a large* quantity of albumen. When 
this occurs, it may be recognised by slightly acidulating the urine, 
and applying heat. Coagulation follows if albumen be present ; 
and a similar effect is produced pn the addition of nitric acid, 
this disease the scat of mischief is the kidney itself, and its powers 
of secretion are modified in an important manner. In a state of 
health, this organ does not allow the' albuminous portion of the 
blood to escape, 4ut in particular forms of disease it permits albrr- 
men to pass, and retains the urea, which may detected in 

dropsical effusions, and in various fluids contained in the body, 

(1450) a. Cutaneous Excretions. — Notwithstanding the 
great importance to health of the due performance of the functions 
of the skin as an excretory organ, the chemical nature of the pro- 
ducts which it throws off has been but imperfectly studied, since the 
collection of these compounds is attcy:idcd with considerable diffi- 
culty, owing partly to the great extent of surface from which the 
excretion takes place, and partly to the variation in comppsition 
which it presents in different parts of the body. 

The solid not volatile constituents of the sweat have been 
found to range between about 0*5 and 1*25 per cent.; the pro- 
portion of water varying with the temperature and hygroscopic 
condition of the atmosphere, with the amount of liquids swallowed, 
with the kind of exercise taken by the individual, and with the 
rapidity of the circulation. Among the solid constituents, chloride 
of sodium is the most abundant. Lactates, butyrates, and acetates 
of ammonia and soda are also present, besides small quantities of 
jdiosphate of lime ; phosphates of the alkalies are absent, and the 
sulphates arc found only in very small amount. Carbonic aedd and 
nitrogen are likewise exhaled from the surface of the body in con- 
siderable quantity, particularly the former. The S#eat contains also 
a quantity of a peculiar azotised matter, very prone to decomposi- 
tion, as well as an odorous principle. The cutaneous excretion 
from the general surface of the body has almost invariably an acid 
reaction, owing to the presence of free lactic acid; but the excretion 
from the axillae and the feet is sometimes found to be ddkaline. 
'With regard to the quantit/, all that can be stated is that it 
usually exceeds in bulk that of the urine during the summer ; but 
that in winter the ,urine preponderates in amount, while the 
quantity of cutaneous transpiration is greatly and proportion- 
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ately diminished. In fact processes occur upon the surface of 
the skin, which resemble those both of the kidney and of the 
lungs : thus, like the kidneys, the skin excretes nitrogen* and 
acid substances as well as the* chlorides ; and, like the lungs, it 
separates large quantities of carbonic acid and aqueous vapour. 
The actions of the skin, and of the kidneys and lungs, are, there- 
fqje, though to a very limited extent, vicarious ; and when the 
functions of the skin are seriously interfered with, it usually 
happens that derangements more or less serious, either of the 
kidneys or of the lungs, occur. 

(1451) 3. SoiJD Excrements. — After the chyle has been ab- 
sorbed into the system during the gradual passage of the mixed con- 
stituents of the food through the intestinal canal, those parts 
which are destined to become excrementitious gradually acquire a 
fjBcal odour, and are at length rejected from the body. The com- 
position of these excrementitious matters necessarily exhibits great 
variations, which depend mainly upon the nature of the food taken. 
Berzelius found a specimen. of human excrements which lie ex- 
amined, after the use of an ordinary mixed diet, to contain 
three*rfourths of its weight of water, the rest consisting of biliary 
matter and alimentary debris. A large quantity of phosphates of 
lime, and of magnesia, and other insoluble salts of the food are 
obtained on incinerating the dried residue. Playfair found in 
a sample which he examined about 15 per cent, of nitrogen in 
the dry residue, and 45 per cent, of carbon. The ratio which 
these numbers bear to each other does not diifer much from that 
which represents the proportion of the same elements in fresh muscle, 
which likewise contains three-fourths its weight of water. According 
to Liebig the total average weight of feeculent matter in its recent 
state excreted by a healthy adult in ttnenty-four hours amounts to 
5I ounces. The offensive odour of faecal matter is due to some 
intermediate products of oxidation. These odorous substances have 
not been accurately examined, but they may be produced artifi- 
cially by fusing casein with hydrate of potash, as in the prepara- 
tion of tyrosine (1380). This odour is of a different nature and of a 
more putrid character when the quantity of bile secreted is below 
the usual amount. 

D'i, W. Marcet states that, from healthy human excrement, he 
lias obtained a peculiar crystallizable principle which, from its 
origin, he terms excreiine; he found it to contain nitrogaa and sul- 
phur ; it has a feebly alkaline reaction ; it fuses at a little above 
r^oo®, and is insoluble in water and in a solution of potash, but is 
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readily soluble in ether. No analysis of this body, h(fwever, has 
been published. He has also extracted from the excrements a 
fusible olive-coloured fatty body termed ea^cretolic acid; but has 
not recorded an attempt to determine its composition. 

(1451 his) 4. Pus.- — This is a liquid which is never met with 
excepting as a product resulting from actions excited by injury, ^or 
by disease. When the suppurative process is going on favcfarably, 
pus forms a thick, opaque, yellowish fluid, which, when examined by 
the microscope, is found to consist of a' transparent liquid, in which 
a large number of corpuscles arc seen to be floating, ^"ii^se cor- 
puscles are larger than the red corpuscles in humalS blood ; they 
consist of a granular cell membrane enclosing a viscid granular 
matter, and a nucleus which adheres to the membrane. Pus 
generally has a feebly alkaline reaction. The fluid portion holds 
a considerable quantity of albumen in solution, and closely resem- 
bles ordinary serum. The pus globules contain a considerable pro- 
portion of fat, and of cholesterin. Pyin is the name which has 
been given to an albuminoid substanoe sometimes found in pus ; 
it is soluble in water, but is precipitated by acetic acid and by a 
solution of alum. The dried residue of pus yields a lai’ge amount 
of salts; in the experiments of Lehmann the saline constituents, 
exceeded 12 per cent, of the total dry matter: the proportion of 
phosphates and of salts of potash was very considerable. 


CHAPTER XIII. 

c 

ON THE NUTRITION OF PLANTS AND ANIMALS. 

§ I. On the Nutrition of Vegetables, 

(1452) Organized beings have been arranged under the two great 
divisions of plants and animals ; and although the lowest gqnera in 
each division approximate so closely that it is difficult to decide 
where one division begins and the other ends, yet in their general 
relations they are not only widely different, but even oppbsed to 
each other in the functions %hich they discharge in the economy 
of creation, the operations of the plant being complementary to 
those of the animal in the nicely adjusted balance of organic life 
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each affording support and nutriment to the other. The principal 
functions of the plant and of the animal may be contrasted thus : — 


Plants 

Decompose water and carbonic ) 
acid. ) 

They evolve oxy^^en. 

They absorb and assimilate nitric ) 

acid and ammonia, { 

• ' 

They are fixed in the soil. 

They have no power of voluntary 

Their growth is continuous, and '1 
there is no ansorpj-ion of matter > 
once deposited. ) 


Animals 

j Produce and evolve water and 
( carbonic acid. 

Tliey absorb oxygen. 

[ Tliey ])roduce and emit urea, and 
< other azotised compounds W'hich 
( yield ammonia. 

( They possess the pow'er of loco- 
( motion. • 

I Their actions are under the con- 
( trol of the w^ill. 

Their growth, and the absorption 
of deposited matter in the adult, 
go on pari j)assu. 


Two important functions have been allotted to the vegetable 
creation, one of which consists in the elaboration from inorganic 
matter of the various materials necessary to the siqiport of animal 
life; the other consists in the removal of carbonic acid from the atmo- 
sphere, the plant retaining the carbon and fixing it in its tissues, 
whilst the oxygen is rcstored*to the air. These wonderful cliangcs are 
produced by the ac^tioiis of the vegetable cell ; each cell possessing a 
separate and indcpend(’nt power, by means of which it is enabled to 
assimilate new matter; from this assimilated matter it produces new 
cells, and these in like manner multijily and produce iuiiumcrablc 
other cells. These successive devcloj>ments of vegetable cells may be 
readily watched under the microsco])e in the case of the growth of 
the globules of yeast (954). Tlic compounds produced in the yeast 
globules are cellulose, which forms the cell membrane, and the in- 
ternal substance, wliHih contains a body allied to albumen. The 
plant-cell in the case of yeast does not elaborate the azotised pro- 
duct, but assimilates it from the solution iu which it grows ; there 
is, however, no c!oul)t that albumen is elaborated in other instances 
by the vegetable ce’l : — in the wheat plant, for example, the azotised 
gluten is stored up in the seed, and in this case it can only he derived 
from the inorganic materials of the soil and of the atmosphere. 

But the mere existence of an organized structure, even when 
animated by the vital force, is not sufiicieut to produce these 
results of vital activity. It is necessary, in addition, that the 
plant be exposed to a temperature ranging between 40° and 90°, 
and to a certain degree of moisture. In the higher manifestations 
of plant life, solar light is also essential. If at any time the tern- 
perature fall so low that the plant is frozen, its vitality is destroyed, 
and the delicate structures of the tissues are impaired by the soli- 
PART Hi. 3 a 
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difi cation and forcible expansion of the juices which they contain. 
Life is also destroyed not less completely by exposure of the 
organism to a temperature of 212®, or even to one considerably 
below that point. The higher orders of plants require for their 
full development that they shall be rooted in a congenial soil, and 
be supplied freely with air and moisture. 

Aplant in a state of heal this continually undergoing increase: thjB 
increase, however, may cither be checked or facilitated by modifying 
the circumstances, under which it is placed. In order that the method 
of regulating this development may be more fully understood, it is 
necessary to examine what the materials are of which tbj^^lSicrease 
consists, and whence they are supplied. In ajl pMits there are 
two distinct sets of substances present ; one of these is orgaiyc in 
its nature and is represented by sugar, starch, wood, albumen, &c.; 
Ihe other is inorganic, and is represented by the various salts found 
in the ashes of plants. The materials from which these com- 
pounds are formed must, therefore, be supplied in some shape or 
other to tlie growing plant; in fact, they constitute its food. Ex- 
periment has, however, proved that tho'form in which these matters 
are presented to the plant is by no means unimj)ortant, for the 
elementary bodies, with the exception of oxygen, arc never directly 
assimilated ; they must previously have entered into combination 
in some form or other. The compound constituents of the food of 
plants arc supplied from two sources, the atmosphere and the soil. 
Those furnished by the atmosphere consist chiefly of carbonic acid, 
water, ammonia, and nitric acid; while the saline compounds, which 
vary with the nature of the plant, are derived from the soil: with- 
out these diflerent articles of food, viz., carbonic acid, water, am- 
monia, and the salts of the soil, plants could no more continue to 
exist than animals could do if deprived of their natural nutriment. 

^^he root of a plant may be considered' as its mouth, and the 
leaves as its lungs. When a shower of rain descends through the 
air, it carries with it all the soluble matters which that portion of 
the air contains ; these soluble matters cotisist chiefly of carbonic 
acid, with minute quantities of carbonate and nitrate of ammonia. 
The carbonic acid, as we have already stated, is abundantly fur- 
nished by the processes of respiration in animals, by combustion, 
and by a variety of other sources. The ammonia is furnished 
mainly by the putrefaction ^nd partial oxidation of animal and ve- 
getable matters, and is present in the air, in a quantity far more 
minute than carbonic acid, but still in appreciable quantities (311). 
Nitric acid is produced whenever a flash of lightning passes 
tJirough the moist air, and this compound is generated even when 
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silent discliarges of electricity take place. Every sliower of rain 
which falls to the earth, thus dissolves and carries with it food for 
vegetation ; charged with these nutritive materials, the water })cr- 
colates through the soil, from which it takes up small quantities of 
soluble salts. It thus arrives at the spongiolcs of the roots, where 
it is absorbed and carried up by the ascending current of sap, to 
tjic leaves, and to the remotest extremities of the branches,* where, 
undcr^he influence of some azotised matter, and of the solar light, 
the carbonic acid undergoes a remarkable change : a portion of the 
water likewise experiences (recomposition, in c‘onscquenee of which, 
mingled with a quantity of nitrogen varying from one- 
half to one-t(‘Ait]i of tlie hulk of tlie oxygen, is given out. Sup- 
posing that this decomposition be efiectod upon carbonic acid and 
water, in the proportion of one ccpiivalcnt of each of these com- 
pounds, a substance Avould be fornuxl, having the sanui ultimato* 
composition as fructose, or fruit-sugar; COj, + 110 — O^ = CHO^ 
or Id (CO3 + no -- 0 ,)=Ci,11,A3- 

Sugar indeed, appears to be the basis or foundation of organic 
matter in general, and from it all the varietic'.s of organized pro- 
ducts might be obtained, by the addition or subtraction of Avater, 
oxygen, and ammonia. If fructose be deprived in tlie 

plant of d equivalents of water, starch or ceiluloso is the result, and 
starch may again be brought into solution when necessary for 
the plant, by the action of diastases, or of some ])riueij>lc which acts 
as a ferment, and enables it to resume the water which it had 
lost. The latter change actually takes ])la<!e during the germb 
nation of secxls, whicdi, wlu'u moistened, swell and absorb oxygen, 
Avhilst carbonic acid is emitted, and the starch, under the inlluencc 
of diastase is converted into sugar, in which form it serves as food 
for the young plant. If the growth of the seed be eliec.ked at a 
particular stage by suddenly raising the tcmj)erature, the greator 
part of the starch will be found to have disappeared from the seed, 
and its place will have been taken by sugar; these being in fact 
the changes which occur in the process of maltmg (940). But, if 
germination be allowed to proceed, the starch and the sugar gra- 

* Although it has been stated that the principal supply of carbonic acid 
is furnished to the plant in solution in water which is absorbed from the soil 
by the roots, it must not be forgotten that the leaves also present powerfully 
absorbent surfaces, and, like the lungs in miimals, not only mi]) inter to the 
respiiUtion of the organism, but are frequently the inlet of a variety of sub- 
stances which are capable of assimilation, as well as of those that are not 
so. Carbonic acid, in particular, is absoi bed by the leaves with great rapidity, 
as has been shown by the experiments of Pepys and others. 

3 a2 
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dually disappear, and ligneous fibre is formed, which contains the 
elements of fruit-sugar minus a equivalents of water. During the 
ripening of fruits, lignin, from the action of the vegetable acids 
upon it, again assumes water, and becomes sweet; the starchy and 
fibrous portions of the fruit being greatly diminished, while the 
saccharine and mucilaginous constituents are increased.* 

It may be instructive to obsqrve how readily, by absorption ^f 
oxygen and separation of water from sugar, the principal* vege- 


tabic acids may be siipfiosed to be generated : — 


Oxalic Acid. 

Glucose. 

(1) 

3 {2 no, CA) ' 

= + Oi3 —y'F'SOi 


Malic Acid. 


(2) 

3 (a HO, CJI A) 

= 2 (C, 5 ,Hi, 0 iJ+ Oi, - 6 HO ; 


Citric Acid. 


(3) 

3 no, Cj,H,On 

= Oo —4 HO; 


Tartaric Acid. 

/ * \ 


(4) 3 ('^ HO, CJl + 0^3 - 6 HO. 


Again, if instead of forming sugar^ 20 equivalents of carbonic 
acid, and i6 e(piivalents of water were to give up the whole of 
their 36 equivalents of oxygen, a compound would be furnished, 

* A<;eording to the observations of Fremy and D(‘caiane, most unripe fruits 
contain starch, ligneous fibre, peetose (943), and a peculiar substance capable 
of' furnishing gum, whicli they have termed ffummose : in addition to those 
ingredients, tannin and some of the vegetable acids are present. During the 
period of tin' growth of the fruit, whilst it retains its green colour, it decom- 
jjoses carbonic acid, ami emits oxygen like the leaves of the tree : but when 
the fruit begins t" ri})en, it gradually becomes softer and more transparent, 
and oxygen is absorbed, whilst carbonic acid is evolved. During this evolu- 
tion of carbonic acud, a succession of slow oxidations is taking place within 
the cellules of the IVuit ; the tannin first disappears, and the vegetable acids 
are tlicn gradually consumed ; when this point has been r(*ached, the fruit is 
gem'rally in the proper condition to be eaten. If it be kept longer, the sugar 
in its turn ex])erieuccs oxidation, and the fruit becomes flat and tasteless, 
and by prolonged keeping it undergoes decay. 

Tlie correctness of most of the foregoing statements is easily verified. The 
process of the ripening of fruits generally takes place best whilst the fruit 
Iiaiigs upon the tree, but in many cases, as in the apple, the pear, and the 
orange, it continiK^s to ripen after it has been gathered. In eacn case oxygen 
gas is absorbed, and carbonic acid evolved. The proportion of acid contained 
both in growing and in detached fruits is less in tlie ripe than in the unripe 
fruit. The disappearance of the acidity in fruits during the process of matu- 
ration is evidently dependent upon this absorption of oxygen, as is well exem- 
pliliod in the case of the rommon cyder-apple. This fruit, when whole, has an 
austere sour taste, hut, by crushing aud exposing it to air for a short tim^ the 
flavour becomes sweet and agreeable ; the vegetable acid having underg^e a 
slow oxidation, in consequence of which it has become converted into carbonic 
acid. The increase in the quantity of sugar during ripening is in some cases 
very groat, as for instance in the apricot, which whilst green contains scarcely 
any sugar, though in the rq)e fruit as much as 10 or 1 1 per cent, has been found. ^ 
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corresponding to oil of turpentine, and forming the basis of many 
of the resins; 20 CO2 4- 16 HO — 56 O = C20H10. 

The complicated azotised principles may be also traced in 
theory to grape-sugar; thus:^ 

Fructose. Protein. 

3 H3N=C36H27N/^-f 21 nO + 03. 

'Phese equations have been given with the view of pointing out 
the simple relations of sugar to the various organic acids, and 
tiot with any intention of asserting that the cTiangcs which they 
Ifit^/fe^jn^ctually take place in the form thus represented, though 
it is obvious that some such changes must octuir. Sugar or gum, 
and starch or ligneous fibre, are amongst the most al)iuulant and 
generally diffused vegetable productions, and it is veuw probable 
that these bodies may furnish tlie materials from which the varioife 
vegetable acids and other simpler compounds of vegetable origin 
arc obtained : but if this hypothesis be doubted, there is no difli- 
culty in tracing these acids and the other bodies to the carbonic 
acid and water upon which the plant operates. For instance, 
oxalic acid might be produced from carbonic acid and water by 
the following changes; 4 CO^ + 2 110 — 0 ^= 2 HO, C40«. In 
the case of malic acid, the changes might be the following ; 

8 CO2 4- 6 HO — Oi 2=2H(), CJl^O^; and so on with the others. 

It is impossible in the existing state of our knowledge, to trace 
the cause, or even the exact nature, of the changes produced in the 
various fluids which circulate in tlie plant or in the animal. 
The theory which has the strongest apparent analogies in its 
favour, is that by the presence of some albuminous ferment, 
analogous to diastase, or to synaptasc, an elimination of various 
compounds takes place in particular organs, just at those points 
where these ferment3*arc deposited. It is turthcr supposed that the 
same complex organic fluid is capable of undergoing changes differing 
with the nature of the substance which excites fermentation, and 
that hence it happens, that tlic same fluid may deposit in different 
tissues, secretions possessed of very different qualities (939). The 
substances thus produced must necessarily be complementary to 
caeh other: that is to say, the product of secretion and the altered 
fluid which furnishes it, taken together, must contain the same 
elements as the original substance from which they were produced. 
It ''must, however, be confessed that the foregoing hypothesis 
affords no explanation of the n anner in which compounds previ- 
ously' existing in the circulating fluid, as urea is known to do in the 
blood, are separated from it by the ordinary operation of secretion. 
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(1452 bis) Food of Plants . — As has been already stated, plants 
arc the grand reducing instruments in the great laboratory of nature^ 
and by renewing to man fresh materials suitable for fuel, they are 
restoring to him the power which he has expended in combustion 
under the ])oilers of the steam-engine, or in the muscular energy 
which he has exhausted, either in his own person, or in that of the 
beasts subservient to his will. This energy can only be again re- 
newed by a fresh supply of food, which must be drawn ultit^iately 
from the vegetable creation. Owing to their reducing action upon 
water and carbonic acid, plants are continually exhaling oxygen, 
during the daytime, but at night they emit carbonic 
emission of carbonic acid appears to be in mosjt instances a mere 
transudation ; the gas is absorbed by the roots by night as well as 
day, but in the absence of solar light, neither carbonic acid 
nor water is decomposed, and both escape unchanged into the air; 
hence it was at one time supposed that plants during the night 
actually produced carbonic acid. A real generation of carbonic 
acid docs however take place during the germination of the seed, 
during Howering, and during the maturation of the fruit ; that is to 
say, at such times as the saccharine or acid compounds are under- 
going oxidation. It is worthy of remark that at this time sugar 
disappears rapidly from the plant, so that if the sugar-cane or beet- 
root be gathered after flowering, the produce of sugar is greatly 
diminished. 

The functions of ammonia in vegetation are almost as important 
as those of carbonic acid, inasmuch as the juices of all plants con- 
tain a portion of azotised matters which are necessary to their 
well-being, and which form an important item in their composition, 
particularly when considered in relation to the nutritive qualities 
of the plant as an article of food. One of the principal circum- 
stances which gives to animal manure its high value, is the large 
proportion of ammoniacal matters wdiich it is capable of supplying. 

All plants, in addition to tlieir principal constituents, carbon, 
hydrogen, oxygen, and nitrogen, contain minute quantities of certain 
salts, which are no less essential to their growth and develop- 
ment, than those elements which occur in larger quantities. 
Some idea of the probable use of these inorganic matters may be 
formed from a consideration of the effects producible in the labora- 
tory, upon the various Jprodij^cts of vegetation, by the acids, and by 
the alkalies. Starch and cane-sugar for example, are converted into 
grape-sugar by the action of dilute sulphuric acid aided by heat ; 
and if starch be mixed with dilute sulphuric acid, and with a 
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material which, like peroxide of manganese, furnishes oxygen, 
formic acid is one of the products. In like manner, under the 
influence of potash, the natural fats and oils are decomposed into 
fatty acids and glycerin. Analogous changes may be supposed to 
occur under the influence of acids and of alkalies, in the yet more 
subtle chemical operations which are constantly occurring in the 
^9rgans of living plants and auin^als, by which the arrangement of 
their* components is modified and altered. In other cases, the 
obvious use of the saline matters is to furnish a skeleton or support 
for the plant. This is clejfrly the principal use <5f silica in the stem 
OfP'tK^lpgjss-tribe, and of oxalate of lime in many of the lichens. 

It has^^’eady been remarked that the food of plants is derived 
from two sources* viz., the atmosphere and the soil. From the 
atmosphere, carbonic and nitric acids, ammonia and water arc sup- 
plied; whilst from the soil arc furnished the various saline mate- 
rials necessary to the healthy growth of the plant. Now, in 
certain cases, all these materials, with the exception generally of 
carbonic acid and water, may be present in quantity too scanty to 
produce a luxuriant crop, .and the great practical ])roblem sub- 
mitted to the farmer for solution is the discovery of the nature 
of the missing materials in any given case ; and of the means 
by which these missing matejrials may be most cheaply and eflbc* 
tually supplied. 

When a crop is carried off from the land, it necessarily takes 
with it a certain amount of mineral matters. If these mineral 
bodies be present in the soil in small quantity, and if fresh crops 
be continually carried off without provision for the return of the 
matters so removed, the land will in process of time become ex- 
hausted of one or more of these necessary ingredients, and sterility 
will be the inevitable result. One great object of the farmer in 
manuring his land is to restore these sparingly distributed but essen- 
tiiil saline bodies in proportion as they are removed from the farm 
in the form of Corn, of straw, of hay, or of stock which have been 
reared upon the produce of the land. 

It is manifest that a fertile soil should retain its fertility if the 
jmanure supplied restore exactly those substances which previous 
crops had removed. There are few substances which more nearly 
fulfil this purpose than fara^^yard manure ; because the sjilts and 
mineral ingredients present in the food, pass ofl* almost wholly 
into the excretions of the animal ; and thus, the ingredients 
restored so far as the supply eictends, are nearly identical with those 
which have been removed : since, if the ash obtained from a given 
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weight of any specific crop be compared with the ash obtained by 
burning the excreta of animals fed upon an equal quantity of the 
same^crop, the composition of the ash in the two cases will be 
nearly identical. < 

It is, however, well known, that the recent droppings of cattle 
are far more effectual as manure, than the ashes of such manure 
when burned ; partly, because the recent manure contains carbo^i 
in a form which, during its decay within the soil, gradually sup- 
plies carbonic acid to the roots of the plant ; but chiefly, as it 
appears, because ic contains a large proportion of nitrogen, which, 
during its putrefaction, furnishes ammonia, or some otl^p^?^lidl!S?jd 
compound, in a form suited to the wants of the growing crop. 

It is owing to similar causes that night-soil and urine possess 
so high a value as manure. Tliey are much richer in nitrogenized 
compounds, and in phosphates, than farm-yard manure ; and 
indeed, they contain all the saline constituents of the corn and 
animal food, as well as almost all the nitrogen of the azotised con- 
stituents of the food which had been conveyed into the stomach, 
whether those azotised constituents h^d been assimilated or not. 
The Chinese have long been aware of the importance of these 
materials as manure, and they collect and carefully restore to their 
fields that which we in the pride of superior civilization discharge 
into sewers, and wastefiilly consign to the ocean, after allowing 
it to accumulate in ofibiisive mud-banks within our tidal rivers,' 
upon the shores of which, by the ebb and flow of the tide, it is 
alternately exposed to the heat of the sun and to the action of the 
water, under circumstances the most favourable to its decom- 
position, in consequence of wdiich it is constantly contaminating 
the atmosphere of our large towns with its sickening effluvia. 

(1453) Varieties of Soil . — In order to render the chemical 
action of manures intelligible, it will be necessary to take a rapid 
survey of the principal kinds of soil, and of the nature of the saline 
ingredients required by ordinary farm crops during *their growth. 

Soils vary greatly in physical characters, as well as in chemical 
composition. A soil may, for example, be described as sandy y 
clayey y marly ^ or calcareouSy according as silica, alumina, or lime 
is the prevailing ingredient. The land will also be porotis or stiffy 
moist or dry, partly owing to thane peculiarities, and partly 
owing to its geological position; according as it rests upon 
sand, upon chalk, upon gravel, or upon clay ; its character will 
also vary, partly pwing to its site, according as it lies high or low, 
and as its surface is inclined or horizontal. But these consider- 
ations, though of high importance to the agriculturist, lie beyond 
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tlic province of the chemist^ whose principal attention must pri- 
marily be directed to the chemical peculiarities of the soil. lu 
order that a soil be fertile it must not only be well drained 
and suffieiently watered, but •it must possess a certain quantity 
both of organic and of saline ingredients. 

Seeds, it is true, in some cases may be made to germinate 
a^id develope plants upon flannel, or in well-washed siliceous 
sand, nf duly moistened from time to time with distilled water. 
The plants thus obtained may even sometimes ^flower; but they 
never produce fertile seed ; and, if these plants be burned, the 
weig^bTWfitJie ash which they yield never exceeds that of the ash 
yielded by. a^'qttiintity of seed equal to that from which the plants 
were raised. By adding suitable salifle mixtures to washed siliceous 
sand, Wiegraann and Polstorf, however, obtained tobacco, oats, 
barley, and other plants in healthy growth, which furnished per- 
fect seed. In these cases the plants had been supplied with those 
materials, the absence of which had in the previous experiments 
prevented their mature development. It must not, however, be 
hastily concluded from these results, that organic manures can 
advantageously be dispensed with in agriculture ; experience has 
fully proved that a judicious combination both of organic and of 
saline manures is essential, and it is owing to ignorance of this 
fact that many of the patent mineral manures, when used alone, 
have so signally failed. 

Different classes of plants, in order to the production of a 
luxuriant growth, require a soil possessed of physical qualities 
which must vary according to the kind of crop ; and, in addition 
to this, each species of plant requires a variation in the chemical 
composition of the soil, suited to its peculiar habits. The 
prevailing and most abundant components of the soil, whether 
they be siliceous, aluitiinoiis, or calcareous, are not those which 
exert the greatest influence upon the development of the plant. 
They simply constitute the matrix in which the plant grows ; and 
this matrix is more or less favourable to its growth, according as 
its physical character is more or less conformed to the wants of 
the plant; but the chemically active constituents of the soil con- 
sist of certain soluble saline compounds which are generally found 
in it in comparatively small qtantities. In natural and fertile soils 
these salts are already present, either in^an active or soluble form, or 
else in the passive or insoluble condition, stored up in rocks which 
have not as yet become disint^raled by exposure to the weather. 

(1453 his) Liebig ^ 8 Classification of Crops by their Ashes , — In 
order to ascertain the nature of the salts which are essential to the 
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growtli of any plant, Liebig insisted on the importance of an ana- 
lysis of the ashes obtained by burning such plants, grown upon a 
soil Vhich is known to suit them ; and in accm'dance with this 
suggestion, a great number of careful analyses of the ashes of the 
more important varieties of cultivated plants have been made both 
on the continent and in this country. From the results thus obtained 
it appears, i. that the number of the mineral constituents of plants 
is comparatively small ; a. that the nature of the mineral consti- 
tuents varies in different tribes of plants ; and 3. that it varies 
even in different parts of the same plant. 

Potash, soda, lime, magnesia, with now and then^^wSlSir^an- 
tities of alumina, oxide of iron, and oxide of man^hese are the 
bases found in vegetable tissftes ; and they occur in combination 
with sulphuric, silicic, and phosphoric acids, as well as with 
chlorine, and with various organic acids ; the carbonates of these 
bases, whicli are so frequently found in the ashes of plants, are 
derived from the compounds of the organic acids with the alkalies 
which the plant contains, and which are destroyed when it is burned. 

Liebig has proposed to class vegetables for agricultural pur- 
poses according to the composition of their ashes, and the follow- 
ing table will give an idea of the general principle which he has 
adopted. It will be observed that the same plant may appear in 
two diflerent columns, as though it belonged to two different 
classes. The ash of the tubers of the potato, for example, is rich 
in alkaline salts, whilst the haulm abounds in salts of lime ; hence, 
as is shown in the second subdivision of the table, the potato 
should be regarded as belonging to the alkalino-calcareous class : — 


Alkaline. 

Calcareous. 

* Siliceous. 

Maize (straw) 
Turnips (roots) 
Beet 

Potatoes (tubers) 
Jerusalem arti- 
chokes (tubers) 

Tobacco 

Peas (straw) 
Potatoes (haulm) 
Clover 

Jer. artichokes 
Turnips (tops) 

Wheat 

S' 

Eye J 

Alkalino-calcareous. 

' Calcareo-siliceous. 

1 

Alkaliuo-siliceous. 

Peas 

Barley 

Wheat 

Jerusalem arti- 

1 

Oats 

chokes 


Bye 

Potatoes 



Turnips 

1. 
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The results of such analyses suggest a probable reason why 
plants of difierent species do not all thrive equcdly well in a 
soil which may be highly productive for a particular crop ; since a 
soil which abounds in the salinfe matters required by one crop, may 
be deficient in the ingredients necessary for the full development 
of plants of a different species. Root crops, and succulent 
piants generally, require abundance of alkaline and calcareous 
salts; •and experience has shown that the green shoots of all 
plants are those which contain these constituents in the largest 
proportion ; the grasses, and plants with stiff* but not woody 
stems, are^^^ch in silica ; while the grain crops, and seeds in general, 
as well as those plfjnts which are richest in azotised nutritive mate- 
rials, abound in the phosphates of tlie alkalies and of the earths. 

Not only does the composition of the ash vary in different 
plants, but its quantity varies also within wide limits. According 
to the estimate of Johnston, a ton of each of the following sub- 
stances in its undried condition, contains upon the average the 
under-mentioned proportions of ash : — 


One ton of lb. of ash. j Ono ton of lb, of ash. 


Potato tops contains . 

26 

1 Wheat straw contains 

220 

Turnip tops „ 

48 

Oat straw 

}> 

140 

Hay contains from 90— 

-180 

Barley straw 

>> 

1 10 

Pea haulm contains . 

100 

Rye straw 


60 

Bean straw „ 

70 

Rape dust 

}> 

120 


It ij, evident that all plants must, to a certain extent, de- 
prive the soil of its saline components; since no plant adds 
anything to these materials which already exist in the soil, but on 
the contrary, every crop that is carried off removes with it a cor- 
responding amount of minerRl material. Owing, however, to this 
important and undeniable fact, to which public attention was first 
strongly directed 1 7 Liebig, many persons have been tempted to 
overlook the necessity of organic materials in the manure ; and con- 
siderable disappointment has often been experienced in finding that 
the restoration of mineral matters to the soil was not the only con- 
dition required to renew, or tt) preserve its fertility. Messrs. Lawes 
and Gilbert have rendered essential service to agriculture by their 
admirable researches upon this point, which have recalled public 
attention to a circumstance of cardinal, importance to the agricul- 
turist. 

(1454) Modes of Action of Manures . — It would be a serious 
mistake to suppose that a supply of the proper manure can always 
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be predicated from a knowledge of the composition of the ashes of 
a plant, or from an analysis of the soil to be manured. Manures 
may* act in one of three principal ways : — i. as direct food for the 
plant ; as what, for want of a ‘better term, may be viewed as 
stimulants to its growth at a particular stage ; and 3. as chemical 
agents which modify the constitution of other substances already 
present in the soil. Liebig has v.pecially called attention to the finst 
of these modes of the action of manures. The second of th*6se me- 
thods has been pprticularly elucidated by Lawes, who showed that in 
the early stage of the growth of turnips, no manure is to be compared 
in efficacy with superphosphate of lime ; although th>>*^lant itself 
contains so small a proportion of phosphates that it^ was precisely 
that plant fixed ujkui by LicBig, on theoretical grounds, as the one 
which from its noii-requirement of phosphates was particularly well 
calculated to be grown upon land which might have been supposed 
to have been exhausted of its phosphates by a previous wheat-crop. 
It is now well known to the practical farmer, that the superphos- 
phate when drilled in judiciously with the turnip seed, stimulates 
the growth of the plant in the earliest and most critical stage of 
its existence, and thus secures a far more abundant return than 
when the supply of superphosphate is omitted.* 

The experiments of the same patient and indefatigable agricul- 
turist, which have been carried on in conjunction with Dr. Gilbert, 
in a systematic manner, and upon a large scale for several con- 
secutive years, have shown to the satisfaction of unprejudiced 
observers that the direct supply of phosphates to wheat ^rops fre- 
quently does not materially increase the produce, because ordinary 
wheat laud already contains a far larger proportion of phosphates 
distributed through it than is necessary to the growth of many suc- 
cessive crops of wheat. This circumstance appears to be in great 
measure dependent upon a peculiarity in the mode of growth of the 
wit cat plant ; it strikes down the fibres of its roots to a great depth 
into the earth, by which means it is enabled to appropriate the phos- 
phates of a much larger extent of soil than can come within the reach 
of tJie short tuft of fibres which constitutes the root of a crop like the 


* It is, however, probable that no maniire acts simply as a stimulant, but 
that all such manures enter into the composition of the plant itself. These stimu- 
lating manures appear to supply through certain stages of the plant's growth 
a constituent or constituents, which, though present in the soil, may not be 
so in a suffi<aently concentrated form, or which, owing to the imperfect de- 
velopment of the root, may not be sufficiently within the reach of the plant 
at the particular time when they are most needed. 
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turnip.* It is also founds and apparently for similar reasons, that 
the addition of silicate of potash as a manure does not materially 
strengthen the stem in wheat, but that the employment of am- 
moniacal manures, including tlie best varieties of guano, enables 
large crops of wheat to be raised for several consecutive years 
on the same piece of land, the ammonia appearing to supply 
nitrogen to the gluten of the wheat, and acting also as a general 
stimul^t to the growth of the plant. But although this has been 
established as a scientific fact, it is not recomijiended that this 
practice be substituted for tlie system of rotation at present in use; 
though it appears that with the aid of nitrogenous manures wheat 
may be gro^^tl in jiarger quantities, and more frequently in the 
rotation, without injury to the fertility of the soil. 

It is a matter of experience that land which will not grow two 
remunerative crops of tlie same kind in succession (wheat for 
instance) without intermediate manuring, will yet, after a succession 
of turnips, barley, and clover, again be fit for wheat with compa- 
ratively light manuring ; and that this system of rotation produces 
effects similar to those obtained by faUov'lng, or allowing the land 
to lie uneropiKjd for a year. Lawes and Gilbert consider that 
clover and some other leguminous crops arc especially valuable to 
the land, by supplying a quantity of nitrogenous organic matter to 
the soil, in a form particularly well calculated Ibr assimilation 
by the succeeding wheat crop. 

It is generally supposed that all the nitrogen found in combina- 
tion in plants, has liecn obtained by the plant either from nitric acid 
or from ammonia, or from some azotised compound present in the 
soil in the form of manure; and that plants have not the power of 
directly assimilating nitrogen from the atmosphere. It appears 
probable however, that the leguminous plants generally introduced 
by the farmer in rotation, have a particular aptitude for condensing 
and retaining the nitrogen which is presented to them during 
their growth, and that they store it up ; so that by the debris of 


* An interesting illustration of the influence of the development of the 
root upon the nature of the manure required, is afforded by a comparison of 
wheat and barley, which contain similar mineral constituents in nearly the 
same proportions : — wheat sown in autumn makes root all the w inter, and is 
enabled to extract saline matters from the soil to a great depth; consequently 
it is seldom benefited by mineral manures^ directly applied, though it is 
greatly affected by the general mineral riches of the soil. Barley, on the 
other hand, is sown in spring ; it throws out and depends upon root fibres 
nearer the surface, and is frequently much benefited by the use of manures 
containing phosphates. 
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their roots, and still more abundantly if ploughed into the land, 
they furnish a valuable source of nitrogen to. succeeding crops. 
Wheat, on the contrary, accumulates but a comparatively small 
amount of nitrogen, and consequently thrives best when aided by the 
stimulus of manures containing that element, Lawes and Gilbert, 
however, found that the addition of 5 lb. of ammonia per acre 
in the form of manure, produced, an increase of about a bushel )pf 
wheat ; from which it would appear, calculating from the *known 
composition of the corn and the straw, that not more than about 
two-fifths of the quantity of nitrogen supplied in the manure is 
retained in the gluten of the seed, in the straw, and in other 
parts of the plant. 

Liebig accounts for the benefieial effects of the rotation of 
crops, by supposing that each plant in succession avails itself of 
saline matters which were unnecessary to the preceding crop. The 
process of fallowing appears to owe a certain portion of its efficacy 
to the gradual disintegration of the rocks, under the united influence 
of air, moisture, and alternations of temperature, in consequence 
of which, various substances, which were previously insoluble, arc 
reduced to the soluble condition, and thus rendered available 
for the wants of the succeeding crop. It appears, however, probable, 
that the accumulation of compounds containing nitrogen within the 
soil during the period of fallow, has a material influence upon the 
following grain crop ; but further experiments are still needed to 
elucidate the theory of fallowing. 

The third mode in which manures act, viz. by the influence 
which they exert upon the components of the soil, is vvell exempli- 
fied in the application of lime, the most important uses of which 
arc of an indirect character, although undoubtedly it is in some 
cases beneficial by supplying one of the mineral constituents 
essential to the healthy develojimeiit of the plant. 

Lime is applied to the land in the form either of slaked lime 
or of chalk. In the condition of slaked lime its chemical effects 
arc exerted upon both the inorganic and the organic constituents of 
the soil. By its action upon the inorganic constituents, the insoluble 
silicates and the clays are decomposed: and potash, soda, alumina, and 
magnesia are set at liberty. Lime also decomposes salts of iron, ren- 
dering its oxide insoluble; it likewise partially decomposes common 
salt, forming carbonate of soda and chloride of calcium. The effects 
upon the organic constituents of the soil are even more important ; 
for it is upon rich peaty soils which abound in organic matter, that 
the beneficial effects of lime are most evident. In such cases it 
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occasions the decomposition of the organic matter, and gives rise to 
the formation of carbonic and nitric acids, as well as of ammonia ; 
all of which bodies are important ingredients in the nutriment of 
the young plant ; and at the saane time the lime also liberates the 
saline constituents of a former vegetation, leaving them in a state 
well fitted for assimilation by the growing crop. This decay iu 
the organic matter is produced by^the simultaneous action of lime, 
atmospheric air, and moisture : it therefore takes place most rapidly 
near the surface, and is attended with the formation of nitric acid 
and ammonia, at the expense, in part, of the nitrogen of the at- 
mosphere, ju0> as occurs in the artificial nitre beds of Sweden, 
France, and Kther countries of the continent. Similar effects 
are produced, though much more slowly, by the action of chalk 
or carbonate of lime; and the beneficial results produced by the 
application of chalk are consequently less immediately perceived, 
and are diffused over a longer period of time. 

In connexion with this indirect action of manures, it may be 
mentioned, that the beneficial effects of carbonic acid on the growth 
of plants are not limited to its direct action in supplying carbon 
to the crop ; it performs a function not less important owing to 
its solvent power. The carbonates and phosphates of lime and of 
magnesia, and the oxide of iron are insoluble in pure water, but 
they are all dissolved to a small extent by water charged with car- 
bonic acid, and are thus rendered available to the nutrition of the 
plant. 

(1455) of Manures, — It has already been stated that 

the most important manures are those which arc furnished by the 
excreta of animals ; guano is one variety of this kind of manure ; 
it consists of the decomposing excreta of sea-fowl which have fed 
upon fish ; from its origin it abounds in phosphates and in ammo- 
niacal salts; farm-yard rhanure^ both solid and liquid, and night-soil 
and urine arc also n anures of a similar kind. Phosphates are abun- 
dantly supplied by bone dust, which also contains a considerable 
amount of gelatin. In burnt hones the gelatin is destroyed. The 
so-called coprolites, which consist principally of phosphate of lime, 
ara probably debris of extinct animals, found in the tertiary beds 
of the Norfolk 'Crag,^ and when reduced to powder and mixed with 
about half their weight of sulphuric acid, furnish one source of the 
manure which is known as superphospligie of lime. In this com- 
pound, the sulphuric acid liberates a portion of phosphoric acid, under 
the influence of which a portion of the bone earth is rendered soluble. 

In the foregoing facts we see strikingly displayed the mutual de- 
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pendence of the vegetable and of the animal creation. If the plant 
be necessary to supply organized food for the ahimab the animal in 
his turn ministers in a manner not less important to the support of 
the plant. The animab with every breath that he draws, sends forth 
carbonic acid into the atmosphere, and supplies carbon, which 
may ere long form an integral portion of the growing plant ; the 
excreta which he rejects as useless and noisome are greedily ab- 
sorbed by the rootlets of countless tribes of vegetables ; anfl when 
life no longer anjmates his frame, the muscular, the gelatinous, and 
the nervous tissues, during putrefaction, are returned to the atmo- 
sphere in the form of water, carbonic acid, ammonia, and sulphu- 
retted hydrogen ; whilst the hard and compact bony jfortions of his 
body gradually moulder into dust. These various compounds 
supply, it may be, future crops of wheat, of turnips, or of potatoes, 
with their necessary carbon, ammonia, or phosphates, and the 
crops thus raised, in time, furnish sustenance to other generations 
of living beings ;i|,thus the very molecules of carbon, of nitrogen, 
or of hydrogen, which once formed part of the body of the beasts 
of the forest of former ages, may agaan become portions of living, 
breathing animals, or may at this moment constitute a portion 
of our own corporeal system. 

The ashes of wood, of peat, and of coal are also valuable as 
manures, since they return to’ the soil the mineral ingredients which 
were removed from it by the vegetation of which they formed a part. 
Hence the burning of heath or of turf upon waste land commonly 
renders it more fertile ; for it not only furnishes a considerable 
amount of mineral manure in an available form, but it also assists 
materially in disintegrating the felspathic constituents of the soil, 
which are much more readily acted upon by air and moisture after 
being thus exposed to a moderate ignition, than when present in 
their natural condition. It is in the same way that the burning 
of stiff clay, and subsequently distributing it upon the land, is 
soxnetiraes beneficial. ' ^ 

Specific manures are in some cases required for particular 
crops upon certain soils. Gypmm or sylphate of lime is a highly 
important manure for leguminous crops, such as clover, in cases 
where lime or sulphates are deficient. Nitrate of soda in other 
cases forms a useful top-dressing to barley. Common salt, when 
applied judiciously to lan4 where this ingredient is wanting, has 
been known to produce excellent results ; and the import- 
ance of liming under various circumstances has been already 
alluded to. 

For the further prosecution of this subject the reader is 
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referred to irorks on agricultural chemistry, particularly to Liebig's 
^^Agricultural Chemistry,^' to Johnston^s Lectures on Agricultural 
Chemistry/^ and to the papers of Boussingault, in the Armdlea de 
Chimiei of Lawes and Gilbert, of Way, and of Voelcker, in the 
Journal of the Eoyal Agricultural Society. 

§ II. Nuthiti^n op Animals. 

( Chemical Nature of the Food of Animals, — The food of 
animals is considerably less simple than that of plants. Even plants 
have no power of directly assimilating any elementary bodies with 
the exception of oxygen, though few compounds are less compli- 
cated in their constitution than water, carbonic acid, and ammonia. 
Animals, on the other hand, appear to require substances which 
have been elaborated by the organism of plants, and thus brought 
nearer to their own more complicated structure. 

The best instance of an aliment fully capable of supporting life 
and expressly elaborated for that purpose, is furnished in the case 
of milk. Upon this the infant or young animal lives for some 
time exclusively, thrives, .and grows rapidly ; and as Prout 
has remarked, it contains four distinct principles, which may be 
taken as the types of the four chief varieties of alimentary sub- 
stances. These types are, i, the aqueous \ a. the albuminous or 
azotised, represented by casein ; 3. the saccharine, supplied by 
sugar of milk, and 4. the oleaginous \ to this ought to be added, 
5. the saline, which is equally essential. It might, therefore, be 
anticipated that a suitable diet should contain a certain proportion 
of each of these principles ; for, although the body possesses the 
power of altering and assimilating food to an extent varying 
greatly with the ^circumstances under which it is placed, yet 
experience has amply demonstrated that no one of these principles 
can be wholly, withheld from any animal of the higher orders^for 
a lengthened period without producing fatal results. It has been 
shown, for example, when animals are fed exclusively upon sugar, 
upon gelatin^ or upon albumen, that they die of starvation ; although 
when these dijBTerent materials are given in mixture, the animal 
lives and thrives. It has also been observed that those aliments 
which are admitted to be the most nutritious, and which are most 
lai'gely used as articles of food, are those which contain all these 
principles in due proportion. A go^ example of this kind is 
afforded in bread made from wheaten flour : its starch and sugar 
represent the saccharine principfe, its gluten furnishes the azotised 
or albuminous material ; water it of course contains ; and it also 
PART 1x1. 3 B 
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furnishes the phosphates and other salts of the alkalies and earths, 
including chloride of sodium. It likewise contains small quantities 
of fatty or oily matter, though the amount of this constituent is 
hardly adequate to the wants of the system : this deficiency is, 
however, supplied by the common habit of eating it with butter, 
milk, fat bacon, or some other oleaginous substance. 

Animals, however, appear to possess to some extent the power 
of deoxidising saccharine matter and converting it into fat.* The 
removal of a certain number of equivalents of carbonic acid, of 
water, and of oxygen, from fruit sugar would furnish the elements 
of the ordinary forms of fat ; for exanaple : — 

Fruit Sugar. Stparin. ^ 

lo (C12H12O12) = Cii 4 niioOi 2 + 6 CO2 + 10 HO + 85 O. 

An interesting illustration of the artificial conversion of sugar 
into a body belonging to the series of the fats, is afforded in the pro- 
duction of butyric acid by the fermentation of a solution of sugar 
under the influence of casein (1164) ; and a striking proof of the 
convertibility of sugar in the animal economy into a fatty substance, 
is afforded by the experiments of Gundelach and others upon the 
feeding of bees. In these experiments it was found that the insects, 
when supplied with pure sugar only, secreted wax in abundance; 
about 20 lb. of sugar being consumed by the bees whilst they 
were producing 1 lb. of wax. 

The exact relative value of the saccharine and oleaginous prin- 
ciples of the food is not clearly understood, but one important 
difference between their functions is made evident, in the mode in 
w Inch fat admits of being stored up in the economy in a form which 
allow^s of its being subsequently absorbed when needed : fat thus 
ap})eJirs to serve as a sort of fly-wheel in the nutritive economy. 

(1457) Plastic and Respiratory Components of Food , — The 
staminal principles or constituents of food may be further arranged 
as proposed by Liebig, according to the uses for which they ar e 
destined in the animal economy; and — since the great objects of the 
supply of food are two, viz., i. the renewal of the tissues after 
they have become effete, and 2. the maintenance of animal heat,— 
the constituents of the food may be considered in their relation 
to these two great functions; in which case they would be regarded 
either as nvirUke which consist exclusively of 

the albuminoid principles, or as respiratory food^ including the 
saccharine and oleaginous principles of Prout. Liebig estimates 
tliat some of the more important materieds as food con* 
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tain these two principal modifications in the following propor- 
tions, the respiratory materials being all calculated, for the con- 
venience of comparison, in the quantities of starch to which they 
would be equivalent : — ^ 


Respiratory 

Plastic Materiiila 

Aeotiacd Matter. reckoned as 

. Starch. 

Veal contains ib . , . , i 

fare’s flesh lo . . . . 2 

Beef 10 .... 17 

Horse beans ^ . 10 ... . 22* 

Peas 10 ..... 23 

Pat mutton 10 . . . . 27 = 11*23 fat 

Pat pork 10 .... 30 = 12*5 fat 

Cow’s milk .* 10 .... 30 I 8-dfat 

(10*4 sugar 

Woman’s milk 10 .... 40 

Wheat flour ...... 10 .... 46 

Oatmeal ....... 10 .... 30 

Rye flour 10 .... 57 

Barley 10 .... 57 

Potatoes 10 . . 86 — 115 

Rice 10 ... . 123 


Pat, sugar, starch, and •alcohol must be regarded as articles 
which supply respiratory materials only ; and when from external 
circumstances, such as exposure to cold, there is a greater demand 
upon the respiratory function, there is an instinctive craving for 
additional quantities of food wdiich contain these substances, by 
which the temperature of the body is maintained above that of the 
surrounding air : thus the Laplander and the Greenlander drink 
train-oil, and are more prone to excess in spirits than the dweller in 
a more temperate climate. Alcohol, it must be observed, is not 
simply a respiratory food : it acts as a powerful stimulant upon the 
nervous system, and hence its effects are complicated. It is gene- 
rally noticed that persons who are fond of pastry and swenimmL^ 
and consume them largely, have but little inclination for wine and 
alcoholic drinks, since the demand for respiratory material is sup- 
plied by the saccharine and amylaceous aliment taken ; whereas, 
those persons who indulge largely in animal food have a greater 
craving for fermented drinks, which no doubt operate partially in 
supplying the deficiency in respiratqry materials that such food 
exhibits. 

The azotised ingredients of the food likewise evolve heat in 
the act of oxidation'; but since these materials constitute the more 
highly fiaborated, and less abundant, yet indispensable components 
of the food of animals, such a rifode of consuming them must be 
considered as extremely wasteful; whilst at the same time these 

3 B 2 
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bodies are less perfectly adapted than true respiratory food, for 
the maintenance of animal heat. 

From the table above quoted it appears that in milk and in 
the different varieties of corn, (which are the most perfect fomas 
of nutritive matter,) the proportion which the plastic bear to the 
respiratory materials, are, i of the former, to from 3 to 6 of the 
laftcr. The proportions of these cdmponcnts, however, vary conside- 
rably in the food of different classes of animals, and their organs 
of digestion are modified to meet these differences. Thus the car^ 
nivora live on the flesh and blood of other animals, which in chemical 
and physiological properties are identical with their own, and which 
after digestion in the stomach are reduced to a solubfe condition ; 
in this form they are absorbed, and enter into the composition of 
the animal. In the herbivora the organs of digestion are more 
complicated, since their food contains only small quantities of 
nitrogen. It is found that animals require more or less food, in 
proportion as the compounds which contain nitrogen are less or 
more abundant in it. The nitrogen occurs in the food principally 
in the form of compounds which have the same composition as 
the albumen and fibrin of animals. Vegetable albumen and fibrin 
are the principles which furnish plastic nutriment to the herbivora, 
and if they be withheld for any protracted period, starvation ensues. 
Hence it appears that one essential condition to the maintenance 
of animal life is the assimilation of certain materials, which are 
identical in constitution with the principal constituents of the 
blood. Animals do not possess the power of forming these prin- 
ciples, yet they produce a multitude of others from them by their 
decomposition ; for example, plants cannot produce the gelatinous 
principles, neither do they furnish the constituents of the brain, 
of which are elaborated in the animal frame from the com- 
ponents of the food. The azotised compounds, when taken alone, 
arc insufticient to support life ; saccharine and oleaginous matters 
are absolutely necessary, and in the young, even of carnivora, 
they form, in the shape of milk, a most important part ^of their 
nutriment. Even the flesh diet of the carnivora contains a large 
proportion of fat, which supplies the necessary respiratory rbaterid. 

In our estimate of the importance of the different inaterials 
which enter into the composition of food, we must not over- 
look the various salts ; particularly common salt, phosphate of lime, 
and the sulphates and phosphates of the alkalies. Common salt 
is essential for the supply of the hydrochloric acid of the gastric 
juice, and the soda of the bile. Phosphate pf lime is necessary to 
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the building up of the bones; and not a cell or a fibre of the body 
can be formed without the presence of the soluble phosphates. 

Liebig has pointed out the singular manner in which* these 
different salts are associated* in the different parts of the body; 
ohloride pf sodium, for instance, abounds in liquids which, like 
the blood and the serous exudations, have an alkaline reaction, 
«,pd is commonly accompanied by^ribasic phosphate of soda. Phos- 
phate^f potash on the other hand, occurs in liquids which, like 
the juice of the flesh, have an acid reaction. 

(1458) Process of Digestion . — ^The preliminary cooking to which 
much of our food is submitted, is not essential to the process of 
digestion, bat is generally resorted to in order to please the palate ; 
but where a mixture of many kinds of food is to be assimilated 
by the stomach, the process of cooking may be made to assist 
the operations of digestion. The principal steps by whicli the food, 
after its reception into the mouth, is converted into a part of the 
living organism, are the following ; — The food is first masticated 
and thoroughly mixed with the saliva. Animals which are car- 
nivorous, chew their food. less completely, and arc supplied less 
abundantly with saliva, than those that are herbivorous. The 
reason is obvious, since in the carnivora, the fleshy nature of their 
aliments enables the latter to be more readily assimilated than is 
tlie case in the herbivora, many of which, by ruminating, subject 
their food a second time to a thorough trituration and intermixture 
with the saliva. Birds that are grariivorous, arc furnished with * 
a strong hollow muscle, the gizzard, which is especially designed 
for the purpose of triturating the seed, to aid which, the birds 
swallow pebbles and gravel. The food, having been masticated 
and reduced ' to a pulp by intermixture with ^he saliva, is next 
transferred to the stomach, where it becomes mingled with the 
acid secretion of the gastric juice (i 435 )' After rcmainin|^"lbr a 
few hourfe in this organ, the principal proportion of the iilbii- 
minous and fibrinous constituents of the food is brought into the 
liquid form ; but the fatty matters remain unaffected, and the 
starchj^ components are but imperfectly converted into the soluble 
form of dextrin, or of sugar. From the stomach, the food now 
reduced to a pultaceous mass termed chymcy passes to the duode- 
num, or commencement of the intestinal canal, where it is mixed, 
first with the secretion from the Uver, and then with that from 
the pancreas. * 

Physiologists are not agreed upon the share which the bile 
takes in the function of digestion^ buf both the bile and the pan- 
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crcatic secretion are alkaline, and the chyme immediately after 
admixture with these licjuids, assumes the appearance of an emul- 
sion ;• in its further passage along the intestinal canal, it is mixed 
with a secretion from the inner surface of the jejunum and of the 
ileum, which still further modifies the^food, completing the conver- 
sion of starch into a soluble compound, and rendering the fatty 
matters capable of assimilation. ^ In the small intestines a sep^^ 
ration of the aliment into two portions is effected ; the lai^er of 
these portions is absorbed into the system, the smaller portion, 
consisting of vegetable fibre and insoluble and undigested matters, 
becomes excrementitious, acquiring a peculiar odour, and is ulti- 
mately rejected. The absorbed portion is taken up partially as a 
thin, milky liqiiid (the chyle) which is absorbed from the inner 
surface of the intestines by the lacteals, and these vess*els empty 
themselves through the thoracic duct, into the subclavian vein : a 
still larger portion is absorbed by the mesenteric veins, which 
transmit their contents to the liver, to be there further elaborated 
before they are transferred by the hepatie veins to the right 
auricle of the heart. 

One principal change wrought in the food, during its conversion 
into chyme, consists in its being rendered soluble, and combined 
with water ; but it is evident that the mere fact of the convcTsiou 
of the food into the liquid form, is by no means the only essential 
condition, since soluble matters, such as the casein of milk, arc 
frequently first converted into a solid form in the stomagh, and are 
then gradually redissolvcd ; the elements of the food are thus re- 
arranged, and if caseiii be the substance acted on, it is converted 
into albumen ; but the principal change is that described by Front 
as the vitalizing action of the stomach, — that change which fits deadr 
organized matter for again becoming a portion of the living frame. 
Tkt^iiclcure of this change is not at all understood. The solid form 
in which azotised matters arc generally presented to the stomach, 
may be designed (by demanding a longer stay in this organ) r to 
facilitate and allow time for the completion of this change ; whilst 
the amylaceous and oleaginous principles of the food, whiclPteimply 
supply the respiratory fuel, do not require so long a stay in the 
stomach. It is worthy of remark that albumen, even after it has 
been given as the sole constituent of the food, when it has once 
been dissolved, cannot be detected as such in the fluid of the 
stomach, either b) boiling or by the action of nitric acid j it is not 
till after it has passed through the duodenum, and becomes mixed 
with the secretions of the liver and the pancreas, that .albumen 
manifests itself by the ordinary reagents. 
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When digestion is duly performed, no gaseous products are set 
free ; but when it is faulty, we often have a train of symptoms more 
or less distressing, owing to the evolution of carbonic acid, nitro- 
gen, and hydrogen gases, ^hich produce painful flatulence and 
distension. It may be to render this distension less liable to occur 
in infants, that milk contains an unfermentable variety of sugar. 

There is a very great diftcr^nce in the digestibility of the dif- 
ferent articles used as food ; some being completely chymified in 
two hours, and others requiring, as much as six before this cflect 
is produced. Very slight circumstances frequently interfere with 
the digestive process. Fats are apt to disagree, and so arc all^ . 
substances cinto the composition of which they enter largely ; such 
as pastry, rich stews, and fried dishes; owing partly to the pro- 
duction of the peculiar volatile acids of fat during the processes 
of cooking or digestion, and partly owing to the diflieulty with • 
which such food is penetrated by the gastric juice. Where such food 
has been taken, the assimilating powers of the stomach are often 
interfered with, and the injurious eficcts thus occasioned arc fre- 
quently manifested in th§ form of a sick-licadachc. Fermented 
liquors, if taken in small quantity, often aflbrd a healthy stimulus 
to the stomach, but if taken in excess they arrest dig(‘stiou and pro- 
duce serious disturbance, indcpciuleiitly of their ciiorvatiug effects. 

(1459) Nutrition and Disintegration. — Having traced the food 
into the blood, by the process termed by Front primary formative 
assimilai^OHy we ma-y pass on to consider the course by which it 
becomes incorporated with the tissues of tlio living body. The 
offices of the blood may be considered under three principal 
heads: — i. that of nutrition, or reparation of the effete parts of 
the corporeal frame ; that of respiration, or the maintenance of 
animal heat ; and 3. that of secretion, 

]. Nutrition. — There k abundant evidence to 8how"«rtMfct^he 
various tissues of the body are undergoing a constant succession 
of changes wh.jh are essential to the maintenance of life, and 
that the more actively the vital powers are exerted, the more 
rapidly do these various changes occur, necessitating the supply of 
food more frequently and abundantly. Shortly after the deposi- 
tion of any particle has taken place in any particular tissuU, it is 
in its turn removed to make room for a new and equally fleeting 
successor. This deposition of new matter is termed by Prout 
secondary formative assimilation, in* opposition to the secondary de- 
. structive assimilation, by which the removal of the effete particles 
is effected. The principd organs of the body consist of albumi- 
nous " and muscular tissue, with the exception of its solid frame- 
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work^ and of those peculiar compounds which constitute the mass 
of the brain and of the nerves. Albumen and fibrin, the basis of 
these tissues, are contained ready formed in the blood, and they 
appear to be deposited at those points where they are needed, by a 
process somewhat analogous to that of simple coagulation. No 
advantage, however, would be gained, if the portions which they 
displace were to be re-absorbed in^the form of albumen or of fibriiv 
into the mass of the blood ; for the deposited particles having 
once discharged their function in the system, cannot again be ad- 
mitted to form integrant parts of it, until, as in the case of the 
^albuminous and fibrinous portions of animals taken as food, they 
have been again subjected to the process of digestion/ and have 
thus been fitted by the stomach for the performance of their 
various functions. The change which attends the absorption of 
matter once deposited is deep-seated, and is essentially connected 
with the manifestations of vital activity. No portion of albumen 
or of fibrin seems to be removed, as such, into the system ; conse- 
quently the fibrin and albumen contained in the blood in a healthy 
state, must be considered as freshly elaborated, and as existing in it 
as a preliminary to its constituting an integral part of the body; and, 
therefore, as being in a form ready for assimilation. The effete tis- 
sues are decomposed at the momentof their removal, and are converted 
by the process of absorption into new and distinct compounds; thus 
furnishing the second source whence the blood derives its component 
parts, the process of absorption constituting the secondary d^iructim 
assimilation of Prout. This removal is usually effected by the 
agency of oxygen, supplied during respiration, and carried by the 
blood to every part of the system : the organic particles thus re- 
moved are therefore in a more oxidized form than that in which 
they were deposited, and they are absorbed at first into the blood 
it*af'l£-sf*Uin which they are quickly eliminated* in some of the ex- 
cretions from it. Thus the nitrogen is removed partly in the form 
of urea, or of uric acid, and partly in that of ammonia. The 
carbon is chiefly got rid* of as carbonic acid; and the phosphorus 
and sulphur, as phosphoric and sulphuric acids. These different 
matters are eliminated through four principal sources, viz. i. the 
excreta of the alimentary canal; 2. the urine; 3. the cutaneous 
excretions ; and 4. the pulmonary exhalaticm. Having already 
considered the principal chemical relation of the first three excre- 
mentitious products, wt shall *now confine our attention to the 
nature of the pulmonary exhalation. 

(1460) 2. Respiration , — ^Tfae important function discharged by 
the lungs consists in the admission of atmospheric air into the 
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body, in such a manner as shall enable fit to act upon and oxidize 
the blood ; the most obvious chemical change which is produced 
in the respired air, consisting in the abstraction of oxygen from 
it, and the substitution of a bulk of carbonic acid nearly equal to 
that of the oxygen removed. The lungs act as an immense filter 
through which, in the higher classes of animals, the whole mass 
of*the blood is made to circulate a# often as it passes through the 
heart, ^he venous blood as it arrives in the lungs is of a deep 
purple colour. It leaves them of a florid arterial red. The gene- 
ral structure of the lungs iS such that these organs may be re- 
garded as consisting of two sets of tubes, the larger of which is 
for the admission of air. The air-tubes are subdivided into an 
infinite number of small ramifications, around which the blood- 
vessels are distributed in an extremely fine network ; by this ar- 
rangement an immense surface is exposed to the air, with a com- 
paratively small expenditure of space. The lining membrane of 
the air-tubes is kept continually moist by the secretion from their 
surface. Through this delicate membrane air passes readily by 
eridosmosis into the blood-vessels beneath, and in consequence of 
this action the venous blood exchanges a portion of its carbonic 
acid with the oxygen held in solution by the liquid which bathes 
the surface of the air- tubes. The oxygen in this form obtains ad- 
mission into the current of the circulation.* The mere displace- 
ment of carbonic acid from the blood, although unattended with 
any perceptible chemical change, produces an alteration of colour 
from purple to scarlet. During the circulation of the aerated blood 
through the minute capillary vessels of the body, the absorbed 
oxygen efiects those chemical changes which are essential to the 
maintenance of animal life. The tissues are broken up ; urea, 
carbonic, lactic, uric, sulphuric, phosphoric, and perhaps other 


* During the proc' ss of respiratioai a small quantity of nitrogen as well 
as of oxygon is absorbed, and this probably is ^lo source of the nitrogen 
which is undoubtedly exhaled by the skin. It is probable that this nitrogen 
undergoes no chemical change, but is merely mechanically taken into the 
system owing to its solubility ; the quantity in the air does not appear mate- 
rially to vary, because if the blood be saturated with nitrogen, the amount of this 
gas which is separated will be equal to that which is evolved. By making aninoails 
respire in an atmosphere of oxygen and hydrogen, nitrogen is always found to be 
given out, since it is* displaced from the blood by the hydrogen. Acc6rding to 
the experiments of Begnault and Beiset {Ann, de Chimiet III. xxvi. 51 1.) 
warm-blooded animals, if made to respire in a confined space, always exhale au 
appreciable quantity of nitrogen; the amount, however, of this is so small as not 
to exceed T- Jsth part of the quantity of oxygen consumed. When the animids 
were in a state oi exhaustion from want of food, an absorption of nitrogen 
commonly occurred to a similar extent. Tn^es of hydrogen, of carburcitted 
hydrogen, and of ammonia are also present iu^respired air. 
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acids are formed ; these are removed by the kidneys^ the skin, and 
the lungs. Whilst these decompositions are being eflFected, fresh 
particles, of constitution similar to the tissues undergoing decom- 
position, are being deposited from the blood, which receives the 
acid products, and is thus materially altered in colour and consti- 
tution. Wlien the blood again passes through the lungs, the 
carbonic acid is mechanically displaced from it by oxygen, and ithc 
scarlet colour is restored, whilst the greater part of the other prin- 
ciples are eliminated by the kidneys. 

It is probablb, from the experiments of Magnus, that a portion at 
least of the oxygen absorbed by the arterial blood, is not actually 
in a state of chemical combination with it. Waten-is not capable 
of dissolving more than about one-fortieth of its bulk of oxygen 
and tlie solvent power of serum is not materially different. Conse- 
quently, each pound of blood could not dissolve more than about 
three-fourths of a cubic inch of oxygen ; but direct experiments have 
proved (supposing lo lb. of blood to pass through the lungs per 
minute) that the^ average quantity of oxygen absorbed is not less 
than three times that amount. Hence it is difficult to account 
for the absorption of so large an amount of oxygen, without ad- 
mitting a species of combination wdth the components of .the 
blood ; although this combination must be of such a nature that 
the oxygen is readily imparted to the components of the body 
when the blood reaches the capillaries. 

The red particles appear to be intimately concerned in the 
process of conveying the oxygen ; but the precise mode of their 
0])cration is unknown. There seems, however, to be but little 
doubt tliat the greater part of the chemical change is effected by 
the oxygen after it reaches the capillary vessels which constitute 
the great laboratory of the body, for until it reaches these minute 
the blood retains its florid hue, but on its exit from 
them it has the dark tint of venous blood. 

(1461) Proportion Carbonic Acid exhaled during respira- 
tion , — The earliest trustworthy observations upon the chemical 
changes produced during respiration are due to Lavoisier and to 
Seguin, and since their time numerous eminent chemists have made 
this process an object of study ; particularly in relation to the quan- 
tity of oxygen consumed, and of carbonic acid produced. Much 
discrepancy, however, existed among the earlier statements regard- 
ing the quantity of carBonic acid contained in the respired air. 
We are indebted to Prout for a sati^^tory explanation of these 
differences, which he proved to arise mainly from the fact that the 
quantity of carbonic acid varies in the same individuals at diffij^reiit 
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times; and the numerous careful experiments published subsequently 
to those of Prout have fully established the correctness of these ob- 
servations. It appears that the proportion of carbonic acid exhaled in 
a given time by the same aniipal, varies according to the rapidity 
of the :circulation : the more vigorous the circulation, the 
larger is the quantity of carbonic acid evolved: tlius, emteris 
p,mbu 8 , a larger quantity is forpied after a meal than when the 
animal® is fasting; the proportion is also higher when the animal 
is awake than when sleeping. 

An important series of dfrect experiments upon*respiration in man 
was undertaken by Seharliiig (Liebig^s Annal.,y\w. 214, and Ivii. i)t 
Other experunents upon the same subjeet by Aiidral and Gavarret 
will be found in tile Annales de III. viii. ^29. Still more 

recently, Rcgnault and llciset have published an extensive and 
elaborate series of researches upon the respiration of various classes 
of animals, from which several new and important conclusions have 
been deduced {Ann. de Chimic, III. xxvi.). 

Scharling’s experiments were performed u]gon persons of dif- 
ferent ages Avho were placed in an air-tight chest, freely supplied 
with atmospheric air, which was deprived of carbonic acid by 
causing it to pass through a solution of [)otash. The respired air 
was transmitted through a succession of vessels, filed with sul- 
phuric acid in order to retain moisture, with solution of potash 
to retain carbonic acid, and with sulphuric acid to retain moisture, 
which the current of air might mechanically carry over from the 
solution of pota^i. The increase in weight of the last two vessels 
indicated the amount of carbonic acid. A continuous current of«air 
through the apparatus was maintained by means of the regulated 
action of an air-purnp, and the quantity of carbonic acid contained 
in the air of the chest at the close of the experiment was determined 
by direct analysis. By means of experiments conducted tfhjlv 
apparatus, it was ascertained that on an average, the production of 
carbonic acid durl.ig sleep amounted only to three-fourths of that 
given out by the same individual for an equal interval of time during 
the time that he was awake. It was also found that the pro- 
duction of carbonic acid was proportionately greater in children than 
in adults, as was to have been expected from the greater activity of 
the vital functions during the period of growth and development. 
The average production of carbonic acid was also greater in 
male than in female adults, as m*ght be expected from the 
smaller size of the lattej|: but in adult individuals of both sexes, 
if of equal weight, oBieris paribus^ the consumption of carbon 
appeared to be nearly equal. T|ie same observer has also shown 



748 KESFIEA9I0N QUANTITY OF CAKBON EXHAIICD* 

tbat tho quantity of carbon exhaled ixi the form of catbonic add 
from the aurfiace of the skin^ in the adult, does not on the average 
exceed otie^-third of an ounce in the twenty*.four hours. In 
cold-blooded animals, however, the respiration effected through the 
skin is much more extensive ; frogs and salamanders will continue 
to live for several days after the lungs have been removed, owing 
to this cutaneous respiration (Regnault). 

The average quantity of carbon which passes off during the 
day from the lungs and skin of an adult man is estimated by 
Dumas at about 8^^ ounces avoirdupois. These results have been 
•almost exactly confirmed by the more recent experiments of 
S(‘harling. Andral and Gavarret found in their^ experiments 
{Jnn, de Chimte, III. viii. 129) that the quantity of expired car- 
bonic acid was nearly the same as that given by Scharling. Liebig^s 
estimate is considerably higher ; but it is probably less correct, 
since it was not founded on direct experiment, but was inferred 
from a rather loose estimation of the average amount of carbon 
contained in the r|tions allowed to a regiment of soldiers ; making 
a somewhat arbitrary deduction for the amount of carbon eliminated 
in the urine and feces. 

It is, however, obvious that the amount of carbonic acid, and 
the proportion which it bears to the respired oxygen, must vary 
with the nature of the food. When carbon is concerted into 
carbonic acid, the volume of this gas which is formed is exactly 
equal (under similar circumstances of temperature and pressure) 
to that of the oxygen which has entered into Its composition; 
but when hydrogen is oxidized, the whole of the oxygen with 
which it has combined disappears from the gases exhaled ; and 
a similar remark applies to that portion of oxygen which enters 
into combination, so as to form solid or liquid azotised compounds. 

HferrMl^'^therefore only happen that the proportion of carbonic acid 
expired, and of oxygen consumed shall be equal, when the whole 
of the inspired oxygen is employed ^n the oxidation of carbon. 
The direct experiments of llegnault and Beiset have, however, 
sliown that this variation in the proportions of carbonic acid, and 
of respired oxygen, lies within very wide limits. From similar 
causes, when much fat is taken with the food a large portion of 
oxygen disappears. Thus it may be proved by calculation that 
when butter supplies the respiratory food, for every 31 volumes 
of oxygen abisorbed, 21 only of oarbosuc add can be produced ; 
and a similar, but smaller, disappeamne^of oxygen occurs when 
alcoholic liquors have formed part of the food OQmumd. Beg- 



IN THE QUANTITY OF CAEBONIC a1?ID. 74*9 


nault and Reiset found in their experiments that dogs when fed 
on meat^ exhaled about 74 Tolumes of carbonic acid for 100 
volumes of oxygen absorbed ; but when fed on amylaceous •sub- 
stances the quantity of carbonie acid rose to 93 per cent. A dog 
which had been fed upon mutton suet, emitted only 69*4 per 
cent, of carbonic acid ; the deficiency being in this case consumed 
ilx converting the excess of hydrogen in tlie fat into water. When 
animal/ which had been long kept without food were subjected 
to experiment, the percentage of carbonic acid was about the 
same as when they were confined to an animal diet ; because the 
tissues of the animal constituted the source whence the carbonic 
acid was sup];died; the animal was, in fact, feeding upon its own flesh. 
Babbits fed upon vegetables emitted from 85 to 95 per cent, of 
carbonic acid, compared with the volume of oxygen absorbed ; and 
granivorous birds yielded from 90 to 103 per cent., the volume 
of carbonic acid frequently exceeding that of the oxygen con- 
sumed. When these birds were confined to a flesh diet, the 
quantity of carbonic acid fell to about 67 per c^t. of the oxygen 
consumed. • 

In the course of these experiments it was ascertained that, 
provided the quantity of oxygen be proportionately increased, an 
animal may continue to breathe without injury in an atmosphere 
containing a considerable amount of carbonic acid, the injurious 
effects of carbonic acid in the air appearing to depend rather upon 
the mechanical obstacle which it offers to the escape of the gas 
already in the blood, than to any directly poisonous action of the 
carbonic acid itself. By increasing the facility for its diffusion 
by the addition of oxygen, or even of hydrogen^ to air already 
containing a considerable quantity of carbonic acid, the animals 
may continue to breathe such air without injury. Regnault found 
that the proportion bOrne hy the carbonic acid exhaled, 
oxygen consumed, is not altered when pure oxygen is substi- 
tuted for atmospneric air,^and the same relations were observed 
when the animals were caused to respire in an atmosphere con- 
sisting of a mixture of oxygen i^d hydrogen. 

An interesting illustration of the great differences in the mode 
of respiration, which may occur even in the same animal under 
altered circumstances, is afforded by the observations upon hyber- 
nating anbns^, Marmdts were found during their torpid con- 
dition to con'iffffie not more than one-thirtieth of the amount of 
oxygen which they required in their active state. These animals 
at the commencement of their hybernation are fat, but they lose 
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weight considerably before they resntne their active condition. A 
remarkable observation upon these animals was made by Sacc, and 
confirmed by Rcgnault and Reiset. The marmot whilst in a 
torpid condition increases in weight, owing to an absorption of 
oxygen wliich amounts to nearly one-half of that inhaled ; this 
oxygen becomes converted into water, the greater portion of which 
is retained in the system for a while, but the animal at intervals 
evacuates it from the bladder, so that in the long its 
weight becomes ^ diminished. In fact, daring its sleep its tem- 
perature is really maintained by the slow combustion of the 
store of fat which it had accumulated previous to its winter^s 
repose. * 

The air which has passed^ through the lungs in the ordinary 
process of respiration, is by no means deprived of its oxygen; it 
usually contains about 4 per cent, only of carbonic acid; 
the greater portion of the air which is expelled during expira- 
tion has not proceeded further than the larger ramifications of the 
bronchi. In ordinary respiration 30 cubic inches, or about onc-fifth 
of the quantity of the air in the lungs*is changed w itli each act of 
respiration. The number of respirations in a healthy adult aver- 
ages per minute from 18 to 20, but the bulk, as well as the ft*c- 
quency, of the inspiration varies with each individual, according to 
the circumstances in which he is placed, and the necessity of a 
larger or smaller supply of oxygen to the system. 

If we assume that the average evolution of carbon by the lungs 
of an adult man amounts to 8-5 ounces of avoirdupois in twenty- 
four hours, it is easy to calculate the quantity of oxygen which is 
required during respiration for that period : — 8’5 oz. of carbon 
would require about 22'66 oz., or 1673 cubic feet of oxygen for 
its conversion into carbonic acid, and would* yield 28,912 cub. in. 
W'MliTs*gas at 60® P., barometer at 30 inches, — or 21 cubic inches 
per minute : consequently, if 10 lb. of blood pass through the lungs 
per minute, every pound of blood, in^its passage through these 
organs must emit about 2 cubic inches of carbonic acid. Now, 
since for the oxidation of oz.^f carbon, 22’66 oz. of oxygen 
arc required, and since it is found that an adult emits on the aver-, 
age a volume of carbonic acid equal to 85 per cent, of the oxygen 
inhaled, it may be inferred (allowing 1 5 per cent, for the amount 
fixed of oxygen by hydrogen, &c.), that not ^67.oz., 

or upwards of I’i lb. of oxygen, are daily consumedl^S^ery adult; 
and allowing for 1*4 oz. of dry solid matter evacuated by the intes- 
tinal canal, and 2*2 oz. of solids by the urine, the whole of the remain- 
ing portion of the food (exclusive of about 4!^ lb, of water, which 



EGESTA IN THE HUMAN BODY. 


751 


is eliminated by the kidneys and the skin), must pass off in the 
gaseous form by the lungs.* 

The exact form in which the compounds which are destfticd 
to produce animal heat exist in»the blood is uifitnown, but there 
can be no doubt that the permanently alkaline condition of the 
blood (which Liebig attributes to tribasic phosphate of soda in the 
carnivora, and Lehmann to carbonate of soda in the herbivora) is coii- 
ccrne^rt a very important manner in this oxidating j)roces8; for it is 
uniformly observed that compounds of organic origin are mucli more 
readily oxidized in the prcserfcc of alkalies than they ate when in a 
neutral or in an acid condition ; doubtless because the products of 
oxidation being commonly acid, the presence of a base, with w hich 
those acids can combine, facilitates the formation of the acid, whether 
it be carbonic or any other acid compound. 

^ The results obtained by Barral upon the average assimilation and con- 
sumption of food in twenty-four hours during summer and w^inter, condueted 
upon his own person, may here be cited {Annates de Chimie, III xxv. 129). 
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dried 

Liquid. 

Oxygen 

nbsoiDed 

akin 

aud 

ijnno 1 Ktc( es 

Niinal 

H(*( 1 0- 
ti4)n« 


lungs 

Not clued. 

In July . . . 

24-4 

59'7 

3742 

40-27 

31 '34 

36 14 1 2'66 1 

1*19 

In December . 

39'2 ^ 

57'9 ! 

37 44 

45‘43 

4332 

39*97 1 5 00 


Or in 1 00 parts 

In July . . . 

/ \ 

7 S ’4 

24*6 

36-1 

28-8 

347 

0*4 

In December . 

722 

27-8 

33'8 

32 3 

3 ,V 2 

07 


Although these results are not free from objection, they possess considerable 
interest. The amounts of carbonic acid emitted, and of oxygf'n absorbed, are in- 
ferred from the difierence between the quantity of carbon, hydrogen, and 
nitrogen, found by analysis in tlie food taken, and that furnished by solid 
and liquid excretions. Tills mode of calculation necessarily involvea»t)ie»e 
numbera in some uncertainty, since all the errors of experiment fall upon them. 
It vt as found that the to< al cpiantity of oxygen absorbed amounted to fully one- 
third of the entire weight oi the sqjid and liquid constituents of the food. The 
proportion of nitrogen to that of carbon contained in the food taken wms as 
I ; 12*8. The excess of nitrogen in the food over that of the solid and 
liquid excjretions varied from ono-third to one-half; and this excess must 
haye passed off through the skin and lungs ; but this estimate is probably 
too high, although it does not attain to mucli more than i per cent, upon 
the volume of the carbonic acid. The proportion of nitrogen found in the 
solid excreta did not amount to one-fifth of that coninincd in the urine. 

The pro por ^mo^arbonic acid exhaled in winter is much greater than in 
summer, amSWll||fl of water is also a little greater in winter. The latter 
circumstance ilHWre explained by the fact, that more air passes through the 
lungs in winter than in summer, and it is less loaded with moisture on enter- 
ing them ; but in both eases the air quits them saturated with aqueous vapour 
at the temperature of the body, consequently it will carry off more moisture 
in the winter than in summer. 
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(146a) Animal Heat , — The temperature of the human body, 
whatever may be the temperature of the atmosphere, is uniformly 
maintained at 98® or 100°, that of birds at from 106® to ic8°,. 
and that of waril-blooded reptile at about 85® F. But as ti»e 
temperature of the air is many degrees, in this climate often 40® 
or more below that of the human body, it is clear, since the ani- 
mal frame is subject to cooling at the same rate as other natural 
objects, that a constant supply of heat is necessary to the Mainten- 
ance of this steady temperature. In order to diminish the Quan- 
tity of heat required to be generated; animals are furnished with 
coats of hair, of feathers, of wool, and of other light, porous, non- 
conducting materials, which greatly retard their rate of cooling, 
and the thickness of which varies with the seaison of the year, and 
the average temperature to which the animal is exposed. Man 
supplies himself with clothing, which experience teaches him to 
adapt to the varying circumstances under which he is placed. 

This constant evolution of heat in the living body is occasioned 
by the gradual combustion of the carbon and of the hydrogen sup- 
plied in the food ; the combustion bejng effected by the agency of 
the respired oxygen. All bodies, when they enter into combination 
with others, whether quickly or slowly, evolve heat, and when the 
products resulting from combination are the same, the amount of 
heat which is developed for the same w eight of the compound pro- 
duced, is also identical (1478). Carbon and hydrogen are already 
combined with each other in the body, and, in the act of their 
combination have already evolved a certain amount of heat ; the 
combustion of a hydro-carbon, therefore, will not produce the 
same amount of heat,* as the combustion of an equal quantity of 
carbon and hydrogen not previously in a state of combination ; 
still a very large quantity of heat will be developed during their 
"■m'lffljlon, and if this oxidation be effected within the body, the 
heat thus liberated will necessarily contribute towards maintaining 
the temperature of the body. According to the experiments of 
Despretz, i ounce of pure carbon during combustion evolves heat 
enough to raise the temperature of 14,200 times its weight of water 
through 1® of F., or enough heat to convert into vapour 12*63 times 
its weight of water at 1 00^, or the temperature of the body ; the 
heat developed by the combustion of 8*5 ounces of carbon should, 
therefore, suffice to evaporate 1077 ounces of water daily, or, 
nearly 675 lb. This quantity of water isHliPBouble the 
average amount of that which is actually exhaled from the 
entire body in the twenty-four hours, the average being about 
1 lb. from the lungs and lb. from the skin. The 



ANIMAL HEAT. 


753 


surplus heat from the carbon, as well as that from the hydrogen, 
the amount of which is not so easily estimated, is expem^ed in 
keeping up the temj)erature of the body. Experiments have shown 
that animals exhale more carbonic acid in proportion to their 
weight, as their temperature is higher. It has been estimated 
that birds evolve half as much carbonic acid again, as the mam- 
malia do ; but Regnault finds thart in some cases, the disproportion 
is mudh more considerable. The smaller the animal, the larger is 
the pi’oportionate extent of its cooling surface,, and consecpiently 
the larger is the quantity of carbon which must be oxidised within 
it in order to maintain a temperature equal to that of the larger 
animal; linifets, fqr instance, evolve lo times as much carbonic 
acid in proportion to their weight, as the domestic fowl. Small 
animals consequently consume a much larger quantity of food in 
proportion to their weight than large animals, and ibis may 
account for the greater proportionate activity of many small ani- 
mals when compared* with larger ones. 

Since the diffusion of animal heat over the different parts 
of the body is tolerably uniform, the source of heat should be dif- 
fused likewise. Provision appears to have been made for this 
essential condition, in the circumstance that the principal action of 
oxygen upon the constituents of the body, takes j)lace in tho- 
caj)illary vessels which arc distributed throughout the whole 
organized structure ; and therefore, the heat resulting from this 
action is also equally distributed through tlie ditfereut parts of the 
body. A certain amount of jclicmical action doubtless takes jdace in 
the lungs, where the blood first comes into contact witli the air, and 
this increased chemical action would be needed to supply the heat 
earned off by the vapour which passes off at cfich expiration ; but the 
main oxidising actions occur deep in the structures of tlie bod^.Hself 

(1463) Demand for Food varies with the temper at are . — Since 
then, the combustion of the liydro-carbonous portions of the blood 
are required for the due production of animal heat, it might be 
expected that, as the demand for heat varies at different seasons 
an# in different climates, the quantity and the quality of the food 
demanded, should also vary accordingly. Experience proves that 
such is the case ; the appetite is keener in winter than in summer, 
and the aliments which wc are *then in the habit of consuming 
partake fatty and carbonaocous character : the inhabi- 

tants of the pbl& regions maintain the necessary supply of heat by an 
abundant consumption of blubbei and train-oil, while those who 
live in tropical climates content themselves with a lighter and 
PAIIT Jli. 3 c 



754 


RELATIONS OF THE LIVER AND LUNGS. . 

f- 

more succulent vegetable diet. It is remarked by Liebig that the 
habits of life formed by the European are in some degree retained 
when he makes his abode under the burning sun of an Indian sky. 
Under such altered circumstances h© still stimulates his appetite to 
consume the flesh diet to which iie^has been accustomed, and dis- 
eases of the liver are the consequence. This gland secretes a fluid 
rich in carbon, and in certain cases may act as one outlet of hydi op 
carbonous matters to the system. Respiration in a hot climate 
takes place with fliminished frequency. It must also be remem^ 
bered, that equal volumes of air admitted to the lungs by respi- 
ration at high, and at low temperatures, contain very different* 
weights of oxygen ; air at 40° containing one-tenth more by 
weight of oxygen than an equal bulk of air at 90®. Less carbon, 
therefore, is thrown ofl‘ by the lungs in equal intervals of time, in a 
hot climate than in a cold one, by wliicli means the too rapid pro- 
duction of animal heat is avoided; but the excess of carbon carried 
into the system must, nevertheless, be got rid of, and this must be 
effected in a manner £liat shall not produce heat. Owing to the 
beautiful compensating system u])on which our bodies are con- 
structed, one organ, if ncjcessary, can relieve another from its burden, 
and the liver carries off this excess of carbon in an unburned form; 
provided the quantity be only rnoderjitc, this vicarious action may 
be effected w ithout inconvenience, but if it be excessive, enlargement 
and congestion of the gland ensue, and disease, more or less serious, 
is the result. In a dry state of the atmosphere, however, less duty 
falls upon the liver, inasmudi as free evaporation goes on from the 
surface both of the lungs and of the skin, and thus the temperature 
of the body is reduced. In dry weather, therefore, carbon may he 
emitted by the lungs in larger quantity without inconvenience ; but 
wheu^he temperature of the air is high, and at, the same time 
loaded with moisture, this source of relief is cut off, and an 
oppressive sensation of languor is experienced. 

There is still a great want of accurate direct experiments on the 
production of carbonic acid under great differences of temperature, 
and a correct series of experiments on this subject, in arctic arni in 
tropical regions, w^ould be highly valuable both to the physician 
and the physiologist. 

On the whole, then, it appears that the saccharine and oleagi- 
nous portions of our food s|re those which are bei^t adapted to the 
niaiutenancc of respiration and of animal heat : when, how ever, 
these materials are given in excess, they are thrown off by the liver 
and the kidneys : Tiedemanu and Gmelin found, when they fed 
animals on butter and starcb, that the urine was loaded with fatty 
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matter^ and bilious diarrlioqa was an almost constant atwcndaut. 
The azotised principles of the food arc necessary for the reprodixitiou 
of the muscular and other tissues, and go to form the azotised prin- 
ciples of the blood; and hence tjie importance of a mixed diet for 
the due support of the vital functions. The nutritive value of dif- 
ferent articles of food is, therefore, entirely relative, and is 
dependent upon the proportion in which each is mingled witli 
other bodies, in which the four staminal principles are combined 
together in due proportion.^ 

It -must not be overlooked, however, that the most advan- 
tageous mixture of nutritive materials will vary with the cir- 
cumstances under which the animal is placed. In the hunniii 
species, the milk is adapted to the wants of the new-born infant, 
which will be wrapped in clothes, and shitddcd from the weatlu^r, 
and the materials consist of about lo parts of jdastie matter, lo of 
fat, 20 of sugar, and 0*6 of salts. In the case of the cow, where tlu' 
young animal is inorc exposed to the vicissitudes of tlu; weather, 
the proportion of tliese constituents is altered, the milk containing 
to every lo parts of plastic material, i I'li of fat, and 14 of sugar. 
The composition of the milk at different periods of Itactation iilso 
varies in an important manner, in order to meet the altcTing wants 
of the young animal in the successive stages of its growtii. 

A few animals are entirely <airuivorous ; but it must bo remem- 
bered that ail flesh, even that whicli is usually considercKl to lie lean, 
contains, in addition to azotised matt(w, a certain (piantity of the ole- 
aginous or fatty principle which is needed for the support of respi- 
ration. The herbivora consume with their food, large (juantities of 
saccharine and amylaceous (a)mpounds, which, by the abstraction of 
oxygen, are convcrtcal into fat ; such animals are ca])able of being 
fattened in a rcmarkal^le mnnner, whereas the carnivora^Stldom 
accpiire any great store oi‘ fat, in (jonscfpicncc of a deficient supply 
of the material bes adapted for conversion into that substance. 

It has been already remarked, that when increased demands 
arc made upon tlie strength of animals, as in taking exercise, the 
number of respirations is increased, and the circulation quickened, 
more oxygen is absorbed, and more carbonic acid evolved ; and it 
appears probable that this increased demand upon the muscular 
effort, is for the time, supported by the increased stimulus 
resulting from the more rapid chemiftal action upon the tissues 
of the body. For a full consideration of the subject of animal 
heat, the reader is referred to Liebig’s treatise on Chemistnj m 
its Application to Physiology and Pathology, 

3 c 2 
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(1464) 3. Secretion , — Having now considered the functions of 
the blood in regard to nutrition, and to respiration, we have Jastly to 
offer a few remarks upon the process of secretion. It is worthy 
of remark that in every instance where a purely excrementitial pro- 
duct is formed, the substances excreted are produced in the mass 
of the blood, at a distance from the point at which they are sepa- 
rated. Tlie bile furnishes an exception, but, as it has been ^Iready 
stated, the greater portion of this fluid is re-absorbed into the system ; 
it therefore cannot be considered as purely excrementitious. In ex- 
periments in which the kidneys have been removed from animals, 
uric, phdfephoric, and sulphuric acids, as well as urea, are found to 
accumulate in the blood ; the kidney is, ther^ore, not*' to be looked 
upon as an oxidizing or acidifying organ, but as an organ through 
the agency of which acids are separated from the system, combined 
with, and nearly neutralized by, alkaline matters. A similar principle 
holds good in the case of the lungs, which may be viewed as a 
gland by which carbonic acid is excreted ; the carbonic acid, how- 
ever, not being formed by the lungs, but simply eliminated by 
their action. It appears, therefore, that those organs which are 
destined for the scpfiration of excretions from the body do not 
form the various substances, but simply eliminate them. The 
ease, however, is otherwise with the glands which furnish sub- 
stances destined to be consumed subsequently by the economy ; 
these glands in such cases seem to effect a true transformation of 
tlie blood, one part of which forms the peculiar matter of the 
secretion, (as for example, sugar of milk in the mammary gland,) 
the other, or complementary portion, is returned into the mass of 
circulating fluid. The true mechanism of secretion is at present 
unknown. It has been imagined that secretion may present a 
^rCi^rtaki analogy with the case of vinous fermentation, in which, 
little as we know of. the cause, we understand the conditions 
requisite to produce it ; for it appears that the main point consists 
in the presence of certain organic molecules, since it is found by 
the experiment of placing yeast in a tube closed with filtering 
paper, and dipping into a solution of syrup (page 105), that 
actual contact with those molecules is necessary to produce the 
decomposition, the liquid in the tube being the only part which 
ferments : hence we may conceive why blood out of the gland 
undergoes not the same changes as when circulating through it. 
No satisfactory attempt has hitherto been made to explain why one 
substance should produce one kind of decomposition, and a different 
substance a totally different decomposition, although the compoimd 
operated on be the same in both cases. 
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CHAPTER XIV. 

§ I. Atomic Volumes. § IT. Atomic Heat. § III, Heat oe 

Combination. 

(1465) Having now completed our survey of the different 
classes of organic compounds, we may proceed iii the last place 
do review briefly some points connected with the theoyy of the 
atomic constitution of matter which could not conveniently be dis- 
cussed until the chemical properties of the various compounds, both 
organic and inorganic, ha(> been described. * 

Two theories of the composition of material bodies have been 
maintained jvith varying degrees of credit from the easiest ages 
of the Grecian pllilosopliy to the present time ; the one foundetl 
on metaphysical ; the other, and now the generally received opinion, 
based on physical considerations. 

Upon the first view of the constitution of matter, it is sup- 
posed that the particles of which bodies consist, arc capable of 
subdivision without limit. Every particle of matter must possess 
an upper and a lower surface, and therefore it is conceivable that 
these surfaces may be separated from each other. 

The second view, which was upheld, amongst other illustrious 
men, by Sir Isaac Newton, maintains that though matter is sus- 
ceptible of subdivision into molecules of inconceivable minuteness, 
there is a point beyond whieJi no power within the reach of man, 
whether mechanical or chemical, can carry this reduction, and 
these particles are hence .appropriately termed af orris (or indivi- 
sibles). This view has acquired great additional probability since the 
phenomena of chemical combination have been better understood 
and more accurately examined. Upon this atomic hypothesis, as 
now generally admitted, it is supposed that the particles of which 
each element consists, have a definite and uniform magfTRude. 

The phenomena of chemical combination, and the laws of 
definite, multiple, and equivalent proportion, indeed admit of a 
simple explanation by the aid of this hypothesis, which, as deve- 
loped by Dalton, has received the name of the atomic theory. 

Dalton assumes that the ultimate particles of any given element 
are of uniform magnitude, and possess the same relative weight; 
but that the particles of different elements differ from each other in 
weight, and possibly also in magnitude. When chemical combi- 
nation takes place between any two elementary bodies, combina- 
tiou is supposed to occur between them atom to atom. Hence 
the proportions in which bodies unite must of necessity be definite 
and invariable. In like manner the law of multiple proportion 
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becomes a physical necessity, since compounds must be formed by 
the .union of i atom of one of the elements with i, a, 3, 4, or more 
atoms of the other element ; or 2 atoms of one element with 
I, 3, 5, or. 7 atoms.of the other. 

The equivalent numbers of the different elements simply ex- 
press the relative weights of their atoms, and hence the term 
atomic weight is by many writers ^used as synonymous with that of 
chemical equivalent (13), or combining proportion. 

Nothing is known of the absolute size or weight of these ulti- 
mate particles of iliatter,but it appears to be certain that the amount 
of heat, of electricity, and of other forces associated with each 
chemical atom, is perfectly definite. We are also in, ignorance of 
the form of these atoms, for it is clearly proved’ that the minutest 
particle of matter which the eye, assisted by the most powerful 
microscope, is able to perceive, yet consists of an indefinite multi- 
tude of atoms : the configuration of such minute visible particles 
cannot therefore furnish any clue to the shape of the ultimate 
particles of which the body is composed. It is, however, not im- 
probable that the atoms of the elementary bodies are either sphe- 
rical or spheroidal; the simplicity of such forms being most in 
harmony with the equality of attraction in difierent directions. 

§ I. Atomic Volumes. 

(1466) Various attempts have been made to determine the rela- 
tive sizes of the atoms of difierent elements, some of which will be 
briefly noticed almost immediately. It is probable that, even in 
solids, the distances between their component particles are much 
greater than the diameters of the particles themselves; and in gaseous 
bodies th^se intervals of course will be very much greater than in 
liquids or in solids. * The observations of Dalton and of Gay Lussac 
"Upon tllfe^ffects of temperature upon gases led these philosophers to 
the conclusion that the expansion and contraction which aeriform 
bodies undergo when subjected to equal increments or decrements 
of temperature, ceteris paribus, is uniform ; and it has hence been 
argued, from the results obtained by Gay Lussac, and by Dalton, 
that in aeriform substances the relative distances between the com,- 
ponent particles of all gases must be uniform in all. More accurate 
researches have, however, shown that, although for general purposes 
the law of the uniformity of expansion of gases by heat may be 
admitted, yet it is not absolutely true, and that the departure from 
this law is particidarly evident in the case of those vapours and 
gases which are readily liquefied by pressure {note, p. i 6 g, Part 1.). 
Experiment has proved, that in the case of elementary bodies which 
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are in the gaseous form, the equivalent quantities of these bodies are 
proportionate to their densities, as shown in the table given below, 
and the equivalents of these elements are consequently represented 
by numbers which exljibit the ratio of their atomic weights. 

Oxygen, phosphorus, and sulphur form exceptions to this rule. 
Gerhardt, however, induced by other considerations, doubles the usual 
' equivalent of oxygen, in favour , of Avhicl\, procedure he has shown 
that ^rong arguments may be adduced. If his view be adopted, the 
anomaly disappears in the case of oxygen, and some of the other 
exceptions may be explained, by admitting that iA such instances the 
repulsive power of'lieat may be insufficient to cause the complete 
resolution qf a body into its ultimate atoms ; that in phosphorus^ 
and in arsenic, for example, two of these atoms may remain asso- 
ciated together, whilst in the case of sulphur not less than six 
atoms may be so associated; inasmuch as instances occasionally occur, 
as in the case of copper and mercury, in which two atoms of a sub- 
stance combine as one, so that such a supposition is not in contra- 
diction to known analogies. At a temperature below 1 500° an equi- 
valent of sulphur yields a volume of vapour equal only to one-third 
of that of one equivalent of oxygen at the same temperature ; but if 
heated beyond 1800^ it becomes dilated, till it occupies the same 
bulk as an equivalent of oxygen similarly heated. This alteration in 
the equivalent volume, which sulphur experiences at very high tem- 
peratures, is strongly in fovour of such a view as that just given. 

Ill comiiound gases it might be supposed that the increased bulk 
occupied by the compound atom would interfere with the regularity 
of their expansion, but the bulk of solid matter in any gas is so small 
compared with the entire space which it occupies, that no sensible 
irregularity due to this cause is perceivable. 


Specific Gravity and^ Comh 'ming Volume of the Element(^ Geeses, 


1 I eqt, in grains of the undermentioned 
elements yields ui Cub. In. 

1 

1 Comb. 

1 vol. 

1 

Specific Gravity. 

l4amc of 
Observer. 

Calculated. 

Observed. 


Oxygen . 

23*33 

I 


1-10563 

: Hegnault 

-if ' 

Pliospliorua 

23*33 

T 

4-284 

4*4200 

Dumas 

75 

Arsenic 

23*33 

! I 

10*1670 

to* 6000 

Mitscherlich 

16 

Sulphur . 

rn 

! • i 

66337 

6*617 

Dumas 

I 

Hydrogen . 

46*66 

! 2 

0*0691 

0*0692 

Regnault 

14 

]N itrogen . 

46*66 

I 2. 

0-9674 

^0*9713 

E-egnault 

35-5 

Chlorine . 

46*66 

i 2 

• 3 '4531 

2*47 

Gay Lussac 

bo 

Bromine . 

46*66 

1 2 

r.' 53 »i 

r»*54 

Mitscherlich^ * 

ja? 

Iodine . . 

46 66 

2 

8756 

8716 

Dumas M 

too 

Mercury . 

46 66 

2 

6-9101 

6*976 

Dumas - 

^ „ ■ 


The third column of this table indicates tl e bulk of vapour 
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in cubic inches^ furnished by a number of grains of each clement 
corresponding to its equivalent number ; the values in each case 
being tcalculated at a temperature of 6o°, and under a barometric 
pressure of 30 inches of mercury. 

(1467) Atomic Volume of Compound Gases, — Allusion has 
been already made (14) to the impQj*tant law of combination^ Viz., 
that when two gaseolQ^^bstanccs unite, the bulk of the resulting^ 
compound, if gaseous or* vaporous, when it does not coincide 
with the united bulk of its components, yet always bears a simple 
relation to it.. Tile two gases after combination never occupy a 
larger volume than they did when separate. No fixed rule, how- 
ever, can be laid down by w'hich it can be predicted whether con- 
densation will occur; or if it occur, what will be the amount 
of condensation that will accompany the act of combination. 
In the majority of instances where equal volumes of the com- 
ponent gases unite, as in the acids containing hydrogen, no 
change of volume takes place. Numerous cases, nevertheless, 
exist where, as in the compounds of mercury, equal volume)^ of 
different gases in uniting condense to one-half of their former 
bulk. When two volumes of one gas unite with one of a second, 
the condensation is generally found to be such that the three 
volumes after combination occupy the space of two. This is 
exemplified by the protoxides of nitrogen, of chlorine, and of hydro- 
gen, and the probability that such is also the case with carbon 
has led to the adoption of two volumes of vapour as the represen- 
tative of the equivalent of carbon. Such a mode of condensation, 
however, is not uniform. It appears that in some cases the three 
volumes are condensed into one, as in cyaiiO|j^n, and in light 
carburetted hydrogen gas. The following table comprises the 
deteraiination of the vapour density of the principal substances 
■^escribed^in the Second Part of this work/ and it exhibits the 
degree? of coiulcnsation in each case: — 


7 'able showing the Density ^of several Compound Gases and Vapours, 



I . Gases 

united without Condensation, 

‘ 


1 

1 


1 Density. | 


Name. 

Constituents. j 

Formulee. 

[ 

' Calcu- 
lated. 
H = i. 

Observed. 
Air = I. 

Auibority. 

Hydrochloric ) 
acid. . , J 

wls, 

2E • 

Tols. 

2 Cl . 

• HCl 

4 

i 8*2 

I *474 

( Biot and 
( Arago 

Ilydrobromic ) 
acid . . , j 

2H 

2 Br 

HBr 

4 

40-5 

2*71 

Lowig 

llydriodic acid ■ 

2H 

2I 

HI 

4 

<)4'0 

4'443 

Gay Lussac 



761 


Table showing the Density of several Qompound Gases and Vapours. 

\/iontinmd^ 






Density. 


Name. 

Constituents. 

• 

' Fo^ulce. 

Calcu> 

latod. 

Observed. 
Air =. I. 

Authority. 





H =: 1. 



hydrocyanic *) 
• acid ... 3 

vols. 

2 H 

vols. 

2 Cy 

HCy 

• 4 


0-9476 

Gay Lussac 

DeiitoxMe of ) 
. nitrogen , ) 

2N 

2 0 

NO^ 

4 

15 

1-0389 

Berard 

Muriate of j 
Ammonia . 3 

4H,N 

4HCI 

II4NCI 

8 

* 3*4 

b'89 

Bineau 

Hydriodate ^ 






ofphosphu- 
retted liy- (* 

4 H^P 

4 III 

H,PI 

8 

40 ’S 

2-77 

ditto 

drogen . .) 







Hydrobro- ) 
mate do. . 3 

4H,P 

4HBr 

H4PBr 

g 

28*7 

i’ 9 o 6 

ditto 









3 

Volumes condensed into 2. 



Steam , . . 

2H 

I 0 

no 

2 

9 

0-6235 

Gay Lussac 

Protoxide of ) 
nitrogen . 3 

2N 

I q 

NO 

2 

22 

15200 

Colin 

Hypochlor- ) 
ous acid . 3 

2 Cl 

I 0 

CIO 

2 

43'5 

2*9 

Calcidated . 

Peroxide of ) 
clilorme . 3 

2 Cl 

40 

CIO, 

338 

2322 

Gay Lussac 

Peroxide of ) 
nitrogen . ) 

sN 

40 

NO, 

4 

23 

1720 

Mitscherlich 

Calomel . . 

4 Hg 

2 Cl 


117-7 

8-350 

ditto 

Dibromide of ) 
mercury . 3 

4 Hg 

2 Br 

• » 

Hgsjlr 

4 

140* 

10140 

ditto 

^Carbonic oxide 

20 ^ 

I 0 

CO 

14 

0967 

Wrede 

tSiilphuretted ) 
hydrogen . 3 

2H 

I S? 

11 ^ 

2 

17 

1*1912 

Gay Lussac 

Seleniuretted 1 
hydrogen . 3 

2 II • 

I Se? 

HS^ 

2 

40*6 

2*795 

(^heau 

Telluretted ) 
hydrogen . 3 

2 ^.JL 

I Te? 

HTe 

2 

65 

4*489 

( Calculated 

Sulphqroui^cid 

I S? 

2 0^ 

sq^ 

2 

32 

2*247 

Berzelius 

iSelenious acid 

iSe? 

2O 

SeO^ 

2 

5 S '6 

403 

Mitscherlich 

Carbonic acid 

2 CO 

I 0 

CO, 

2 

22 

1*529 

Regnault 

Sulphuric acid 

aSOa 

I 0 

so, 

2 • 

40 

3*01 

Mitscherlich 


* Hert^ it is assumed that i equivalert of carbon yields 2 volumes of vapour, 
t Sulpbur, in accordance with Bineau’s researches upon it at high tem - 
peratures, is asisumed to have an equivalent volume equal to that of oxygen ; 
and selenium and tellurium are supposed to be analogous to it. 
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Table showing the Density of several Compound Gases and Vapours. 

\Coidimied.'\ 




4 Volumes condensed into 2. 





1 


Density. 


Name. 

Constituents. 

Formulas. 

’ Calcu- 
lated. 

H = i. 

Observed. 
Air = I. 

Authority. 

. 

Corrosive ) 

sublimate . ) 

voSi 

2Hg 

toIr. 

2 Cl 

r IlgCr 

3 

i35'5 

9*800 

Mitscherlich 

0 f 

Bromide of ) 

2Hg 

2 Br 

HgBr 

180 

I2‘i6o 

ditto 

mercury . ) 






lied iodide of i 
mercury . ] 

aUg 

2 I 

iigi* 

2 

237 

15*600 

ditto 

Chlorocar- ) 
bonic acid . j 

2 CO 

2 Cl 

COCl 

-2 

49'5. 

3*68o8 

J. Davy 

Ammonia . . 

6H 

2N 

4 

8'S 

0-590 

H. Davy 

Bisulpliidc of ) 

* carbon . . ) 

2 S? 

2 C 

cs, 

2 

mm 

2-6447 

Gay Lnssac 

Chlorosul- 1 

phuric acid j 

2 SOj 

2 Cl 

S(X,C1 

2 

67'5 

4703 

Regnault 

Dutch liquid . 

4 Cl 

4 CH 

CJIaCbllCl 


3'478 

ditto 

4 

Monoohlori- ) 

• iiated do. j 



C,H2Cl.>JiCl 

4 

66'7 

4-<>i3 

ditto 

Bichlorinatcd ) 



c,Hci3,nci 

84*0 

5767 

ditto 

do. . . \ 



4 

Triclilori- j 

nated do. ) 



C^Cl^JICl 

4 

101'25 



Scsqiiichlo- \ 
ride of (;arbon J 



. 54 C 14 A 

4 

118-5 

8157 

ditto 

Diehloride of ) 
sulphur . ) 

2 S?- 

2 Cl 

S 2 CI ! 

67 

i 

4*70 

Dumas 

Fluoride of ) 
boron , . 1 

2 B? 

6 FI? 

4 


2*3T2 

ditto 

Terchloride ^ i 
of aiiti?nony ) ' 

2 Sb? 

6 Cl 

SbCla 

4 

117-7 

7*8 

Mitscherlich 

Terchl«*jde ) | 
of bismuth . ) I 

2 Bi? 

6 Cl • 

BiCl^ 

4 • 

1.59-2 

jii*i6 

Jacquelain 

1 


5 Volumes condensed into 2. 



Sesquichlo- 'I 
ride of car- > 
bon (liquid) ) 

! 4 C 

r 

6 Cl 

C,C!, 

59*25 

1 4*082 

j Regnault 






6 Volumes condensed into 2. 



Cyanogen . . 

4CP 

2N 

CjN 

2 

26 • 

1*8064 

Gay Lussac 

Bichloride of ) 
carbon . . j 

4C? 

8 Cl 

C,Cl 4 

4 

77 

5*3 

Regnault 

Marsh gas . . 

1 4C? 

811 

PA 

8 

o‘557 

Thomson , 

Bichloride of ) 
titanium . j 

' 2Ti? 

4 Cl 

2 

95 

6*836 

Dumas 
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Table showing the Density of several Compound Gases and Vapours. 

[Continued.'] 






I Density. 


Name. 

Constituents. * 

Formula). 

Calcu- 
lated. 
II = t 

Observed. 

1 Air =. I. 

Authority. 

Bichloride of ) 

" tin*. . 

vols. 

2 Sn ? 

vols. 

4 Cl 

SliCb 

* 2 

i 

9199 

ditto 

EluoriHfc of ) 
silicon . . ) 

2 Si? 

4 FI? 

SiEb 

2 

i 

52*2 j 

3’6oo 

ditto 

Chloride of ) 
silicon . . ) 

2 Si? 

4t!l 

SiOl, 

2 

1 

85*2 

• 

5939 

ditto 

Clilorochro- } 

1 mic acid 

2 Cr? 

2 0,2 Cl 

Cr(\Cl 

2 

00 

532 

ditto 


Some remarkable irregularities have been observed in the 
volume occupied by the vapours of many volatile compounds. 
Many of these .vapours at a low temperature have a density much 
greater than that which they possess when more strongly heated. 
The vapours of the volatile acids, such as the formic and the 
acetic acids in particular, exhibit this anomaly in a marked 
degree (1153). 

(1468) Atomic Volumes of Solids. — i. Simple Bodies . — Tt has 
been supposed that if the atoms of all the elementary bodies were 
of the same size, the specific gravities of these bodies in their solid 
form would be in the same proportion as their chemical equiva- 
lents. In such a case, however, cither th? particles composing 
the solid must be in actual contact, or the intervals between the 
particles must be equal. Dumas showed many years ago that 
the specific gravity^pf certain isornorphous metals was nearly in the 
direct ratio of their atomic weights. Since then Schroder and 
Kopp have pointed out a number of remarkable relations Ijctween 
the densities of diffcrqnt bodies and their chemical effftivaleuts. 
Kopp has shown that many of the elementary bodies may be 
arranged in grou^^s^ each group consisting of members in which 
the atomic volume is identical. If such weights of the different 
elementary bodies as represent the chemical equivalents of each 
be compared together, the bulk occupied by each body will be 
such as is indicated in the column headed atomic volume in the 
following table : — 

* The vapour volume of one equivalent of each of the different metals is 
assumed to correspond with that of an equivalent of hydrogen, and conse- 
quently to be double that of an equivalent of oxygen, and the same assump- 
tion is made in the case of silicon find of boron. 
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Table of the Atomic Volumes of Elementary Bodies^ 


> 

Names of 
Elements. 

Equiv. 

N umber 
0 =ioo. 

A.tomic 

Vol. 

Calcu- 

lated 

Density* 

Carbon . . 

75 

22 

3 ' 4 i 

""Cobalt . . 

369 

44 

«’39 

Copper . . 

395 

44 

9*00 

I Glucinum . 

87-5 

44 

1*99 

Iron . . . 

350 

44 

7*95 

Manganese . 

345 

44 

7*86 

^Nickel . . 

369 

44 

8*39 

"^Iridium . . 

1232 

57 

21*6 

Osmium . . 

1244 

57 

21*8 

Palladium . 

666 

57 

11*7 

I Platinum . 

1232 

57 

21*6 

Bhodium , 

651 

57 

11*4 

Zinc . , . 

406 

57 

7*14 

'^Aluminum . 

171 

66 

2*59 

J Chromium . 

328 

66 

5*00 

Molybdenum 

575 

66 

8*63 

^Tungsten . 

1150 

66 

17*4 

Cadmium . 

697 

81 

8*60 

Magnesium . 

150 

86 

1*743 

Mercury 

1250 

91 

13*6 

f Selenium . 

495 

103 

4*8 

Sulphur . . 

200 

lOI 

1*99 

[Tin . . . 

735 

lOI 

7*28 

Arsenic . . 

600 

#05 

5*7 

Lead . . . 

1294 

114 

11*35 

fGold . . . 

2438 

128 

19*2 

-j Silver . . 

1350 

128 

10*53 

[ Tellurium . 

800 

128 

6*25 

Lithium . , 

81 

136 

0*593 

Calcium . . 

250 

i 5 « 

i' 57 b 

Phosphorus. 

3^7 

211 

1*83 

Strontw"®! . 

550 

216 

2*54 

Antimony . 

1503 

224 

6*7 

Bismuth . . 

2660 

270 

984 

f Bromine. . 

1000 

320 

3*12 

-j Chlorine . , 

443 

320 

1*38 

L Iodine . , 

iS «7 

320 

4*95 

Sodium . . 

287 

295 

0972 

Potassium . 

487 

5O2 

0*865 


Observed Specific Gravity. 


3 55 . 036. Jacquelain 
8*^, Brunner; 8*51, Berzelius ; 895, 
Kammelsberg 

8*96, Berzelius; 8*72, Karsten ; 8*92^ 
Marcband and Scherer ^ 

2*1, Debray 

7*84, Byoling ; 7*79, Karsten 
8 03, Bachmann ; 8*01, John 
8*40, Tourte ; 8*82, Tupputi ; 8*60, 
Brunner 
P 
P 

11*3 — 1 1 ’8, Wollaston 
21*0, Borda; 21*5, Berzelius, Wollaston 
1 1 ‘o, W ollaston ; 11*2, Cloud 
7*14, Wertheim; 6*86—7*21, Berzelius 
2*56 — 2*67, Deville 
5*09, Thomson 
8*62 — 8*64, Bucholz 
17*2, Allen; 17*4, Bucholz; 17*6, 
D’Elhuyart 

8*60, Stromeyer ; 8*63, Kar^sten, Kopp 
1*743, Bunsen 

13*6, Kupffer, Karsten ; 13 36, Faraday 
4*8,Schaffgot8ch; 4*30 — 4*32, Berzelius 
1*99 — 205, Karsten; 1*99, Breilhaupt 
7*28, Ht^rapatli ; 7*29, Kupffer, Karsten 
5*7 — 5 06, Guibourt ; 5*67, Herapath 
11*44, Berzelius; 11*35, Herapath; 
11*33. Kupffer 

19*34, G. Bose ; 19*26, Brisson 
10*53, G. Bose ; 10*4, Karsten 
6*25, Berzelius 
0*593, Bunsen 
1*578, Bunsen 

1*83, Schrotter; 1*77, Berzelius 
2*54, Bunsen, 

6*7i,Marchand & Scherer; 6*7, Karsten 
9*88, Thenard ; 9*83, Herapath ; 9*8, 
Marcliand and Scherer 
(liquid) 2*99, Lowig; 2*97, Balard 
(liquid) (i‘33 about), Faraday 
4*95, Cray Lussac 
0*972, Gay Lussac and Thenard 
0*865, Gay Lussac and Thenard 


The atomic volume (or specific volume) of any substance, simple 
or compound, may be calculated by dividing its chemical equivalent 


In the above table, the column headed calculated density indicates the 
numbers which, if used as divisors of the equivalent numbers, yield the num- 
bers which are adopted as the atomic volume of the body. 
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by its specific gravity. Thus, if <?=:the density or specific gravity, q, 

= the chemical equivalent, and v = the atomic volume, ^ zi, v, 

d 

A simple mode of detefmining experimentally the atomic 
volume of a body was employed by Playfair and Joule. Their 
apparatus or volumenometer consists of a globular flask provided 
with a long narrow neck, about fwelve inches in length, graduated 
from below upwards, to indicate grains of water. The flask is 
provided with a tubulure (|LCCuratcly fitted with«a ground stopper) 
for the admission of the solid body for ex])enment. When the 
instrument is to be used it is to be filled up to the mark o® on the 
stem, with Vater^ with oil of tuiqjentine, or with some liquid 
which exerts no solvent action on the body. It is then inclined 
to one side, the stopper removed, and a weighed quantity of the 
solid for experiment, is carefully introduced: the stopper is. then 
replaced, and the number of divisions which the liquid is raised . 
in the stem indicates in grains the quantity of water wliich has 
been displaced. Thus, if 350 grains of iron (an equivalent in 
grains) be introduced, the liquid will rise 44 divisions in tlie- 
stem of the instrument, indicating the equivalent volume by simple 
inspection. If the quantity of the substance employed be less, 
say one-third, or onc-fourtli of an equivalent in grains, tlie rise in 
the stem, when multiplied by 3 or by 4, as the case may be, 
indicates the atomic volume of the body under experiment. The 
same experiment also furnishes the data for determining approxima- 
tively the specific gravity of the body, since the weight of the sub- 
stance used, when divided by the number of divisions which the liquid 
has risen (corresponding to tlie weight of the bulk of water equal 
to the solid) will, of course, give the specific gravity. 

Schroder, Kopp, and most of the chemists who ha^e worked 
upon this subject, have made their calculations upon the oxygen 
scale of equivalei ts which lias been adopted in the table. 

From the foregoing table, it is- apparent that several groups of 
isometric elementary bodies (that is to say, bodies possessed of 
equal atomic volume) , exist ; and that between other groups, mul- 
tiple relations of a simple kind occur, thus : — 

I. The atomic volume of the group containing cobalt, 
copper, glucinum, iron, manganese, and nickel, is double that of 
carbon. 

a. There is some uncertainty about the true atomic volume of 
iridium and osmium, since their specific gravities are not accurately 
known, but from the isomorphous relations of these bodies they 
are classed with platinum. 



766 INFLUENCE. OF ISOMORPHISM AND DIMOItPIITSM. 

3. The atomic volume of the group containing aluminum, 

chroi^ium, molybdenum, and tungsten, is to that of the iron 
group, as 2 : 3. . 

4. The atomic volume of lead in double that of platinum and 
its congeners. 

5. Tlic atomic volume of phosphorus is double that of arsenic. 

6. There are indications of an equality in the atomic volume^ 
of the halogens — chlorine, bromine, and iodine; but the ^specific 
gravities of these bodies are not known with sufficient accu- 
racy to admit of a satisfactory comparison. That of chlorine 
is only an approximation, and it was in the liquid form, 
whereas, iodine with whicdi it was conqiared,. was in the solid 
state. 

7. It has been su])posed that the atomic volume of potassium 
is double that of sodium ; but if this be so, the specific gravities 
of tlie two metals obtained by experiment must be inaccurate. 
If that of sodium w ('re 0*99, and that of potassium 0*84, the ratio 
of their atomic volumes would be as 290 : 580. 

(1469) of Isoniorplusm and of Dbnorpldsin on atomic 

volume. — Ko])}) has finther shown that the coincidence in atomic 
volume first obs('rved by Dumas in tlie case of certain isoinorphous 
metals, holds good very generally with isomorphous bodies; so 
that, when the volumes occupied l>y equivahiiit weights of such 
bodies are compared togetluir, tJie volumes, allowing for errors 
of observation, are identical. This Jaw is found to hold good both 
with elementary and with com])ound ]Kxli(‘S. 

A close a})proiu“'h to isomor]jhism in compound bodies does 
not, however, necessarily indicate the isomorphism of all their 
corresponding constituents, Sul])hatc of ^inc, for example, is 
isomorplmus with sulphate of iron, but mctallit' zinc and metallic 
iron are not isomorphous ; and indeed, strictly speaking, the salts 
are not identical in form, for though the crystals resemble each 
other in their geometrical figure, yet when their angles arc accu- 
rately measured, considerabhi differences arc detected. The solid 
volume of the crystallized sulphates of zinc, and of iron, differs but 
little; the atomic volume of sulphate of zinc, according to FillioPsT 
experiments being 880, aTuVtliat of sulphate of iron 920, and since 
so large a proportion of the mass of the salt is in each case made 
up by substances which are^ identical, the same general form is 
preserved in both salts. 

In tlie case of dimorphous substances, the specific gravity of 
the body in one of its forms is greater than it is in the other 
form ; consequently, such substances possess two different atomic 
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volumes. The following table contains the specific gravity and 
atomic volume of a few dimorphous substances. 



Dimorphous bodfis. 

1 Specific 
} Gravity. 

Atomic 

Volume. 


’ Diamond 

Graphite 

34 1 

3-09 

22 

36 


^ Native Sidpiinr (Octoliedral) 

' Prismatic Sulphur . . . i 
^ Viscous SulphtJr . . . . j 

2’OrL 

1 rp8 

97 A 

,101 

102 

j L'claiid Spar 

1 ^ Ara^nito 

2'72 

3 '00 

229 

211 


(1470) Disturbing influence of Temjjerature . — There can be no 
doubt that the atomic volume of a body is a character as definite 
as is its specific gravity, or its e(]uivalemt number; Imt the determi- 
nation of. its |)rccise amount is op])oscd by some peculiar and 
considerable obstacles. One of these arises from the difficulty 
of accurately dedermining the specific gravity of a solid, under cir- 
cumstances which shall ])e properly comparable. Since the bulk 
of all bodies varies witli the temperature, and increases as the tcnri- 
peraturc rises, the specific gravity, as taken in the ordinary method, 
Avill be liable to variation according to the temperature. Tins 
would ])e of little eousc(|uence, however, if the amounts of expan- 
sion j)i*oduced by equal inci’cments of heat were alike in all bodies; 
but i‘X])eriment distiiudly ]U’ovcs that this is not the case, and the 
great extent of this varia< ion amongst many of the simple bodies, 
may be seen by the subjoined table : — 
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Supposing that the expansion of the* chemical equivalent of 
each^of the metals (as represented by its atomic volume), were in 
the multiple ratio represented in the sixth column of the table, 
the cubic expansion should be such *^08 is indicated ’in the seventh 
column. The cubic expansion is calculated by multiplying by 3 
the linear expansion of the different metals. 

(1471) 2. Atomic Volume of Compounds , — In a few instances, 
when solid bodies unite, the resulting compound possesses an atomic 
volume equal to the united volumes of its components. Thus, in 
the case of sulphide of copper, loi being the atomic volume of 
sulphur, 44 that of copper, 145 is that of the suljdiide; for it is 
found by experiment, that the specifie gravity, of tlrs sulphide is 
4*1, and its equivalent (0=ioo) is 596: now 596 4*1 = 145. 

But this simple relation between the bulk of the compound, and 
that of its components, is of rare occurrence. Condensation, how- 
ever, appears to occur according to certain laws, though they are 
by no means so simple as those which regulate the act of combi- 
nation amongst gases. 

Schroder observed that when from the atomic volume of a 
series of analogous combinations, such as the oxides, the volume of 
the metal which each compound contains is deducted, the same 
number is frequently obtained as a representative of the volume of 
those constituents which are common to all the members of the 
class. When from the analogous sulphates, for instance, the atomic 
volume of the metallic oxide contained in each is deducted, the 
residue for sulphuric acid remains the same. Kopp extended these 
views, and supposed that he had deduced from them additional argu- 
ments in support of the binary theory of salts ; but the results of 
observation, as Filhol has shown (Arm, de Chimie, III., xxi. 429), 
may be pniially well explained upon the older view, and indeed, even 
better; for I have found, by a very slight modification of one of the 
values for sulphuric acid, that numbers are obtained with which 
the results of experiment accord quite as well as with the numbers 
assumed by Kopp, as will Ixj seen almost immediately. * 

The oxides may be subdivided into four classes, in each of which 
the oxygen must be supposcul to undergo a different amount of con- 
densation. In the first class, the equivalent volume of oxygen is 
assumed by Kopp to he 16, the metal retaining its original volume ; 
in the second and more numerous class, the metal retains its original 
volume, but that of oxygen is 32 ; in the third class the volume of 
oxygen is 64. In the fourth class, assuming the volume of oxygen to be 
3 2, the metals undergo condensation in the act pf combining; thus, I 
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find that aluminum, calcium, and strontium are condensed into 
exactly half theit* volume. The specific gravity of barium^is not 
known with certainty, but it is probable that it likewise belongs 
to the same class. The condgnsation experienced by sodium and by 
potassium Is such, that they occupy very nearly one third of the 
volume which they possess in the uucombined form ; thus, if the 
.atomic volume of these two mcjtals be divided by 3, we have for 
sodiurj 295 -r- 3 = 98 ; by observation of the density of soda it 
is, when combined with oxygen of .an atomic volume of 32, = 102 ; 
and for potassium, 362 -7-*3 = 187 ; whilst by observation of the 
density of potash it is 1 84. 

The tabjes which follow arc based upon those given by Kopp, 
but they inclu^ many new data, and several of tlie results have 
been re-calculated from the values more recently assigned to the 
equivalent numbers of iron, antimony, calcium, chromium, mercury, 
molybdenum, tungsten and zinc. Tlie atomic volumes for the various 
salts are all calculated, not on the binary theory, but on the hypo- 
thesis that the salts consist of an oxide united with an anhydride. 

Atomic Volumes of certain Oxides, 




Class I. Volume of 0 = 

16. 


For- 

Eqi.Ko. 

Caloulated 

Culoul. 

Observed 


inuhi. 

0-= 100 

Atomic Volume. 

Hp. gr. 

Rpccilic Uravily. 

Antimony . 

Sb^O^ 

1903 

224+ 64 = 288 

6'6o 

6*5 3, Boiillay; 6*70, Karsten. 

Cliroraiuin . 


95^ 

132+ 48=180 

.5'3r 

5*2», Wbliler. 

Tin . . . 

SnOj, 

935 

1014* 

7 03 

6 96, Mobs; 6*90,Boullay; 6*64, 




1 


Hora2>atb. 



Ciii s's 11. Volume of 0 — 

.32- 

''Cadmium 

CdO 

797 

81+ 32= 1 13 

7*05 

6*95, Karsten. 

Copper . . 

CuO 

496 

44+ 32= 76 

6'53 

6*4.^, Karsten ; 6*15, Boullay; 






6*4, IJerapatb; 6*322, Filliol. 

Ltad . . . 

rbo 

1.39*4 

114+ 33 = 146 

9’55 

9*50, Bonllay ; 9*361, Filhol. j 

Mercury ,• . 

HgO 

1.350 

.ji { 32 = 123 

10*97 

1 1 *0, Boullay ; Herai>ath ; 



• 



11 19, Karsten. 

Silver . . 

Ago 

1450 

1284- 33=160? 

9 *06 

8*26, Karsten; 7*25, Boullay. 

Tin . . . 

SuO 

b.35 

lOI + 3^2 =133 

6*28 

6*67, nera2>atli. 

Zinc . . . 

ZnO 

.506 

57+ 32= 89 

5*68 

5 *4.3, Mohs , 5 *60, Boullay ; 5*73, 

^ 1 





Karsten. 

Cobalt . . 

C03O3 

1037 

884- 96=184 

.5*63 

5 *60, Boullay; 5*32, ITerapath. 

Iron ... 

Fe^O, 

TOGO 

88+ 96=184 

5*43 

5*23, Boullay; 5*25, Mohs. 

Antimony 

SbOa 

1803 

224+ 96=320 

5*^3 

5*78, Boullay; 5*57, Mohs. 

•Bisinutb . . 

BiOa 

2960 

270+ 96 = 366 

8*00 

8 * T 7, Karsten ; 8*21, Herapath ; 






8*45, Dumas. 



Class III. Volume of 0 = 

64. 

f Copper . . 

CU3O 

892 

88+ 64=152 

5-87 

5 75, Karsten, Dumas; 6*05, 





• 

Herapath. 

L Mercury . . 

Hg,0 

2600 

182+ 64 = 246iio’56 

10*69, Herapath ; 8 *95, Karsten. 

C Molybdic acid 

M0O3 

875 

66 + 192 - 258 

3',39 

3 *46, Bergiuann ; 3 *49, Berzelius. 

( Tungstic acid 

WO3 

I45® 

66 + 192 = 358 

1 5 ■<>'2 

5 -27, Herapath ; 6* r 2, Berzelius. 


3 D 


PAi^T II r. 
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OxiDKS, Class IV, in which the metal undergoee condensation, 0 == 32. 


OAde. 

For- 

mula. 

Eqt.No. 
0 s= 100. 

Calculated 
Atomic volume. 

Coloul. 
Sp. gv. 

Observed 

Specific gravity. 

Alumina . . 

AlgOg 

642 

66+ 96=162 

•3-96 • 

4.-IS4, Pilhol; 3-95 (ruby). 

S -456, KUhol. 

Baryta . 

BaO 

958 

■ 43 + 32=175 

5-47 

Lime . . . 

CaO 

350 

79+ 32 = 111 

3*15 

‘3 '1 8, Filhol, Boullay ; 3*08, 
Dumas. 

Potash . . 

KO 

587 

184+ 32 = 2,16 

2*71 

2*66, Karsten. 

1 Soda . . 

NaO 1 

387 

102+ 32 = 134 

2-88 

2 ‘87, Karsten. 

1 Stroutia . . 

1 

SrO 

650 

108+ 32 = 140 

4-64 

4'6ir, Filhol. 


Kopp divides the chlorides into two classes, in one of which he 
supposes the volume of the. chlorine to be 1 96, in the other 245, the 
ratio of these volumes in the two classes being as 4 : 5, The accor- 
ance between the observed and the calculated resulis in these salts 
is less satisfactorj than in the case of the oxides, and it becomes 
necessary to assifmc new volumes for those metals which, like 
X 3 otassiiim, sodium, calcium, and magnesium, undergo condensation 
in the act of combining : the volumes thus assumed for them, how- 
ever, exhibit no simple relation to the volume of these metals in 
the uncom])ined state : — 




CiiLouiDES, Class I. Volume of Cl = 196. 

Chloride. 

For- 

Equi - 

Atomic Volume. 

Cttlcul. 

Observed 

mula. 

valent. 

8l>. gv. 

Specific gravity. 

Silver . . 

AgCl 

1793 

128 + 196 = 324 

5*53 

5 *5—5 '577 Karsten; 5*55, .. 



1 736 

1 14 + 196 = 310 


BoulJay. 

Lead . . 

PbCl 

5-60 

5*68 — 5 '80, Karsten. 

Barium . . 

BaCl 

1301 

143 M 96 = 339 

3-83 

3*86, Boullay; 3*75, Filhol; 37 





Karsten. 

Sodium . . 

NaCl 

731 

J30 + 196 = 326 

2*24 

2*26, Mohs; 2*15, Kopp; 2*24, 
Filhol ; 2 '08, Karsten ; 2 *01 1 , 






Playfair and Joule. 


Chlomdes, Class II. Volume of Cl = 245. 

Cobalt . . 

cr.01 

8t2 

44+245=289 

2*81 

2 '937 ; Playfair and Joule. 

Copper . 

Cu/Jl 

1237 

88 + 245 = 333 

371 

3*68, Karsten; ysf 6 , Playfair 





and Joule. 

Copj»cr . 

CiiCl 

840 

44 + 245 = 289 

2*90 

3*054, Playfair and Joule. 

J ron . . . 

FeCl 

793 

44 + 245 = 289 

274 

2*528, Filhol. 

( 

Hg Cl 

1603 

91+245 = 336 

5 04 

5*14, Gmelin; 5*42, Boullay; 

Mercury . < 



• 


5*40, Karsten. 

/ 

Hg,Cl 

2943 

182 + 245 = 427 

-6*90 

6*99, Karsten ; 6*71, Herapath ; 


II, NCI 

668 



7*14, Boullay. 

Ammonium 

218 + 245 = 463 

1*44 

1*50, Kopp; 1*53, Mohs; 1*578, 

♦- 


693 

60 + 245 = 305 


Playfair and Joule. 

Calcium 

CaCl 

2*27 

2'2i — 2*27, Boullay; 2*24, Fil- 






hoi ; 2 *485 , Playfair and J oule. 

Magnesium 

MgCl 

593 

40 + 24.-'> = 285 

2 *08 

2*177, Playfair and Joule. 

Potassium . 

KCl 

932 

234 -*-245 =479 

1*94 

r *994, Filhol ; i *94, Kopp ; i *92, 
Karsten ; i *90, Playfair and J oule. 

Strontium . 



a 


SrCl 

989 

108+145=353! 

2 -So 

2 *80, Karsten; 2*96, Filhol. 


Similar relations have been observed with the various sulphides, 
but the accordance of theory with observation is still less 4)erfect in 




ATOMIC VOLUMES OP SULPH^^TES AND CHROMATES, 771 

these cases, owing partly, perhaps, to the dimorphism of sulphur, 
and to the impossibility of ascertaining which modification of this 
element may be present in the compound. 

The sulphates are regarded by Kopp as consisting of M, SO4. 
They are subdivided by him into two classes : in the first class, SO^ 
is assumed to possess a volume = i86, in the second, a volume = 236. 
^ There is no simple relation between these two numbers ; but if we 
view the sulphates as formed upon the plan MO, SO3, and deduct 
from the numbers assigned by Koiip for SOj,, 32 as the atomic 
volume of an equivalent of oxygen (adding it *in all cases to the 
numbers which represent the atomic voluuie of the metal in the 
salt); the numbers which represent SO3 in the two classes will be 
134 and 204* by substituting i 53 for 154, we may represent the 

two volumes of SO3 by numbers which arc in the ratio of 3 : 4, and 
if this slight alteration be adopted, the atomic volumes obtained by 
calculation agree as well with those furnished by experiment as 
those which have been calculated by Kopp. 

In the chromates, the tungstates, the carbonates, ai\,d the 
nitrates, but a single class has been recognised for each acid : — 




Sulphates, Class I. 

= 153 - 

Name of salt. 

Eqt.No. 

CHlcnlatcd * 

Caltnil. 

Ohsiorvcd 

|(FormulaM.O,S03) O = loo. 

Atomic Volume. 

Sp. gr. 

Spccilie Oravity. 

Lead . 

! 1895 


6*32 

6*30, ]\rohs, FIJhoi ; 6*17, Karsten. 

Baryta . 

1458 


4*44 

4*45, Mohs; 4*20, Karsten. 

Potash . 

1087 

2664-153 = 419 

2*59 

2 '62, Karsten, FiUiol ; 2*66, Kopp; 



2 ’64, Playfair and Joule. 

Stroutia . . 

1148 

1 

140 + 153 = 293 

3-92 

3*59, Karsten; 377, P"illiol; 3*95, 
Breithaupt. 



Sulphates, Class II. 

SO, = 204. 

Copper . 

997 

76 + 204 =-280 


3*53» Kanten, Filhol; 3*631, Play- 
fair and Joule, 

Silver . . 

1950 

160 + 204 = 364 

5*35 

5 *34, Karsten ; 5 *41, Filhol; 5*322, 



Playfair and Joule. 

Ziuc . . . 

1006 

89 + 204 = 293 

3*43 

3*40, Karsten, Filhohf 3*681, Play- 




fair and Joule, 

Lime . . . 


92 + 204 = 296 

2-89 

2 *93, Karelin ; 3 * 102, Filhol ; 2 *96, 




Naumann. 

Magnesia 

750 

72+204 = 276 

2*71 

2 *6 r , Karsten ; 2 *628, Filhol ; 2 * 706, 


Playfair and Joule. 

• Soda . . 

888 

162 +204 = 366 

2*42 

2*63, Kopp; 2*629, Filhol; 2*597, 





Playfair and Joule. 

’M0,Cr03. 


Chromates, CrOg 

= 196. 

Lead . . . 

202 '2 

146 + 196= 342 

5*9* 

5 -95, Breithaupt; 6*00, Mohs; 5*653, 



Playfair and J oule. 

Potash . . 

1215 

266 + 196 = 462 

2*63 

2*64, Karsten; 2*74, Kopp; 2*682, 

• Playfair and J oule. 

Silver . . 

2078 1 

160 + 196 = 356 

5*83 

5*77, Playfair and Joule. 

M 0 ,W 08 . 


Tungstates, WO* 

= 212. ^ 

l<ead . . . 1 

:*2844 1 

146 + 212 = 358 

7*94 

8*0, Gmelin ; 8*1, Leonhard. 

Lime\ . . ! 

1800 I 

92 + 212 = 304 

5*9^ 

6*04, Karsten; 6*03, Meissner. 


3 D 2 
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Caebonatbs. COg = 1 19. 

Name of Salt. 

Eqt.No. 

Calculated 

Calcul. 

• . Observed 

(PormutjtMO, CO2) 

0=ioo. 

Atomic Volume. 

8p.gr. 

Speedfle Gravity. 

Cadtnium 

<073 

ii34-ii9-=232 

4'63 

4*42, Herapath; 4*49, Kppp. 

3*829, Mohs; 3*872, Naumann. 

Iron . , . 

7*5 

764-119=195 

3*72 ' 

Lead . . . 

1670 

146 + 119 = 265 

630 

6*43, Karsten; 6*47, Breithaupt. 

Manganese . 

722 

76 + it9=i95 

370 

3*55-—.3*59» 

Silver . . 

1725 

160 + irQ = 27Q 

618 

6 *08, Karsten. 

Zinc . . . 

781 

894- 119 = 208 

.r75 

4*44,^Mohs; 4*4 — 4*5, Nanhiann. , 

Baryta . . 

1233 

175 + 119 = 294 

4**9 

4*30, Karsten, Mohs ; 4*24, Breit- 



haupt; 4*565, Filhol. 

Limo . . . 

625 

92 + 1 19 = 2 ij 

2*96 

3*00, (Aragonite) Breithaupt ; 2*93,'' 



Mohs; 2*70 (Iceland spar), Kar- 
steii; 2*72, Beudant. 



Magnesia 

525 

72 + 119=191 

2*7.5 

2*81, Breithaupt; 3*0 — 3*ix, Mohs. 

Potash . . 

862 

266 + 119 = 385 

,2*24 

2*26, Karsten ; 2*267, Filhol ; 2*103, 



Phiyfair and Joule 

Soda . . . 

662 

162 + 119 = 281 

2*38 

2 *4 7, Karsten ; 2 *509, Filhol; 2*427, 




Playfair and J oule. 

Strontia . . 

923 

140 + 119 = 259 

3'56 

3*60, Mohs; 3*62, Karsten. 

(MO.NOj). 


Nitrates. 

NO* 

= 326. 

Lead . . . 

2069 

146 + 326 = 472 1 

4*32 

4*581, Filhol ; 4 *40, Karsten ; 4*34, 


Kopp; 4*316, Playfair and Joule. 

Silver . . 

2125 

160 + 326 = 486 ! 

4*37 

4*36, Karsten; 4*336, Playfair and 



Joule. 

Ammonia . 

1000 

250 + 326 = 576 

1-71 

1 * 74, Kopp ; I *635, Playfair and J oule. 

Baryta . . 

i<>34 

175 + 326 = 501 

3*26 

3 *200, Filhol ; 3 *19, Karsten; 3*284, 


Playfair and Joule. 

Lime . . . 

1025 

92 + 326 = 418 

2*45. 

2*240, Filhol. 

Potash . . 

1263 

206 + 326 = 592 

2*12 

2*10, Karsten; 2*06, Kopp; 2*07, 




Playfair and Joule. 

Soda . . . 

1063 

162 +326 = 488 j 

2*19 

2 * 2 60, Fi 1 h ol , K arsten ; 2*19, Marx ; 
2*20, Kopp; 2*182, Playfair and 



j 


Joule. 

Strontia . . 

1324 

140 + 326 = 466! 2*84 

2 *85 7, Filhol ; 2* 84, Karsten ; 2*704, 

* 




Playfair and Joule. 


(1472) 3. Volumes of Compounds in Solution , — A series of 
interesting researches was made a few years ago by Playfair and 
Joule upon the bulk occupied by the equivalent quantities of dif- 
ferent solid compounds, compared with that which they occupy when 
in solution [Phil, Mag,, 1845, vol. xxvii.). ^Some of these results 
arc included in the table (page 774), in which they are all referred 
to the quantity of water in grains which an equivalent in grains of 
each substance (H = j) would displace when immersed in water. 

The quantity of water displaced is easily calculated by dividing 
the equivalent number of the substance by its specific gravity. It 
was in these cases determined experimentally by taking a giveii 
weight, say an equivalent in grains, of the substance under trial, 
and introducing it into the volumenometer, described at page 763. 

When known quantities of different salts were brought into 
solution, and the increase of bulk in the liquid thus produced was 
ascertained, it was folftid — i. That a salt when in solution always 
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occupies less space » than it did when in the solid state. — 2. That 
equivalent quantities of different salts when in solution occupy 
either the same volume, or volumes which are simple multiples or 
submultiples of* each other.* If 9 (the equivalent volume of water) 
be assumed as the standard of comparison, an equivalent of the 
different salts, when dissolved in water, increases the volume of the 
Iliquid by 9, or by some multiple*of 9. For instance, 87 grains or 
I equivalent of sulphate of potash in its dry state, displaces 33 
grains of "Water, but it increases the bulk of the Jiquid by only 18 
grain measures when in solution; 101 grains of nitrate of potash in 
the solid form displace 48 grains of water, but when in solution 
they displace 36 grains. In the case of carbonate of potash the 
condensation is still greater ; for 69 grains of the solid salt occupy a 
space of 39 water grains, and of 9 only when in solution. It is, 
however, necessary to remark that the volume occupied by the 
salt when in solution is somewhat influenced by the degree of 
saturation of the liquid, the increase of volume being slightly 
greater when the solution approaches the point of saturation. 
Tlius it was found in the case of canc sugar, that when an equi- 
valent of sugar (171 grains) was dissolved in different amounts of 
water, the increase in volume of the solution was as follows ; — 


Sugar. 

Water. 

Temperature. 

Atomic Volume in 
grain Measures of 
' W ater. 

I 

120 

^0 

99*00 

I 

10 


105*09 

I 

I 

52” 

IO7OI 

3 

I 

52° 

io8'u6 


3. That when a sa]t usually crystallizes with a largft^ proportion 
of water of crystallization, such salt, when reduced to the anhy- 
drous state, may be dissolved in water without increasing its bulk.f 


* The atomic volume of a salt ia solution, however, varies considerably 
with the temperature, and increases rapidly as the temperature rises, so that 
it is only at a particular temperature for each salt that this law holds true. 
Thus the solution volume of an equivalent of each of the following salts 
is for — 

Sulphate of zinc . . ZnO, SO5,, yAq, at 32° = 56*1 at 90° = 63 

„ magnesia MgO, SO3, | Aq, •at „ = 6o*8 at 85° = 63 

ft iron . . FeO, SO3, 7 Aq, at „ = 61 'o at 80° = 63. 

t This observation was originally made by Dalton, but he supposed that 
in aU cases when a salt was dissolved in water, the bulk of the liquid was 
unaltered, except by the bulk of water which the salt might contain. 
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For example, anhydrous carbonate of soda, and the anhydrous 
sulphates of soda and of magnesia, may be brought into solution 
without adding to the bulk of the liquid. If the salts be dissolved 
in their hydrated form, they increase the bulk of the liquid solely 
by the number of grains of w^ater of crystallization which they 
contain : thus 143 grains, o‘r one equivalent in grains of crystal- 
lized carbonate of soda, or 161 grains of the crystallized sulphate 
of soda, each of which contains 90 grains, or 10 equivalents of 
water of crystallization, causes an increase of 90 grain measures in 
the bulk of the water in which it is dissolved; 123 grains, or an 
equivalent of sulphate of magnesia, containing 7 equivalents or 63 
grains of water, occasions an increase of 63 gi'ain measures of water 
when brought into solution. 

Volumes in grains of water of an equivalent in grains of several 
anhydrous salts, both when dry and when in solution (H = i). 


i 

Ts unio 

of the Mt'tal, 

Chloride. 

llromide. j Iodide. 

Sulphate. 

Nitrate. 

Carbonaf o. 

Dry. 

Solu- 

tion. 

Dry. 


Solu- 

tion. 

Dry. 

Solu- 

tion. 

Dry. 

Solu- 

tion. 

Dry. 

Solu- 

tion. 

Potassium . 

39*3 

26-8 

44*0 

28*8 54*2 

44*0 

33*0 

l8*0 

48-9 

36*1 

33*0 

9.2 

Sodium . . 

2()2 



19.0, ... 


27*5 

1*6 

39 ' I 

26-5 

22*0 

0 

Ammonium 

340 , 3 r >'7 


... ; ... 



270 

49*1 

45‘5 



Calcium 

22’5 

1*6 


i 


23*4 






Strontium . 


0 






39*2 

26-5 



Barium . . 


p-S 


! 

.... 

23*9 


39 'S 

27*0 


... 

Majufuesium 

22 ’T 

2 'O 




2 2 '5 

0 


18*8 


... 

Zinc . . . 






21*85 

0 





Iron . . . 






240 

0 





Cobalt . . 

221 

« . . 


... i ... 


220 






Copper . . 

22 *C 

8-1 


... ! ... 


220 

0 


1*8*2 



Lead . . 1 

■'4-5 ! 





24 * I 

, , , 

3«’4 

25' 4 


... 

Mercury . ' 

22’0 

i8*4 


... 1 ... 



. . . 





Silver . 






29*4 

... 

393 

27*2 


... 1 


(1473) 4 - ^lomic Volumes of Liquids of Analogous Composition, 
— In the year 1842 an important paper was published by Kopp 
(Liebig’s Annul, xli. 79, 169), in which he showed that when 
liquids belonging to one homologous series are compared with cor- 
responding terms of other collateral homologous series {pide tabic; 
j). 32), like differences are observed in their atomic volumes. 
When, for instance, the atomic volume of a hydrated acid (HO, A) 
(A representing an equivalent of any monobasic anhydrous acid) 
is compared with its corresponding vinic ether (C4H5O, A), the 
atomic volume of the hydrated acid, at drdinary temperatureg, is 
about 534 less than that of the corresponding compound ether. 



ATOMIC VOLUMES OF LIQUIDS OF ANALOGOUS COMPOSITION. 775 

• 

The atomic volume of the hydrated acid (HO, A) is about 300 less 
than that of its corresponding methylic compound (C2H3O, A);^ and 
as a necessary consequence, the atomic volume of an ethylic com- 
pound is about 2,^4 greater tha*! that of the corresponding methylic 
compound. A more careful examination of the subject has shown 
that the somewhat considerable divergences observed between the 
fitomic volumes calculated according to these laws, and those 
actually# found by observation, are materially reduced if the liquids 
be compared, not at equal temperatures, but at corresponding tem- 
peratures. Corresponding •temperatures are those at wliich the 
cohesion of the liquids compared is equal ; or temperatures at which 
the liquids eryit valours of equal tension. The tension of the vapours 
of different liquids through the required range of the thcrmometric 
scale is, however, only known in a few instances ; but it may be 
assumed without any very serious error, that corresponding tem- 
peratures in liquids are those situated at equal distances below 
the boiling points of the liquids under comparison. Thus, if the 
boiling point of alcohol bo 1 73"^, and if that of ether be 94°, the 
temperature of 60*^ F. would not be a corresponding temperature for 
these liquids ; but if the alcohol be at 60°, which is 11 3'’ below its 
boiling point, the corresponding temperature for ether would be 
113*' below its boiling point, or — 19''. 

The atomic volume v of a compound increases as the tempera- 
ture rises. This, indeed, must be evident from the consideration 
that the specific gravity d diminishes as the temperature rises, 
whilst the equivalent number q remains constant; and since 

^ = r, the atomic volume must necessarily vary inversely as the 

density of the body, and consequently must increase as the tempera- 
ture rises. In making cornparirons of atomic volumes of compounds 
it is found advantageous in practice always to calculaff^ them for 
the boiling point )f the respective liquids under a pressure equal 
to that of 30 inches of mercury. 

At the time when Kopp first called attention to the atomic 
volume of liquids, few really exact data existed, by means of 
which his conclusions could be rigidly tested. Since that period 
both Pierre {Ann, de Chimie, III. xv. 325; xix. 193, and xx. 5.) 
and Kopp himself (Poggendorfi’^s Annul, Ixxii. i and 223, Liebig^s 
Annul, xciv. 257, xcv. 307), have puj)lished a series of important 
and elaborate researches upon the specific gravity, the expansion, 
and the boiling points of a considerable number of liquids, by means 
of which the atomic volume of these liquids at the boiling point 
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may be calculated. The following table contains the results of 
Kopp^s inquiries arranged for the convenience of comparison : — 


Name of Compound 

Formula, 

Eqt. 

Sp. pr. 

Calc. 

boilinp 

Atomic 

Dill', in at. 

Mean 
diff. for 

0=ioo 

Ac 32°. 

point, 

0 p 

boiling. 

c,u*. 

c»u,. 

Water .... 

IIA 

225 

1*000 

212*0 

235*0 


'j 

Wood spirit . . 

C5 H, 0, no 

400 

0-8147 

138-2 

527*5 

292 5 

r 26'3 

Alcoliol .... 

C, 11, 0, HO 

57 .^ 

0*8095 

172*4 

781*0 

-^00 5 

I ^^0 

Fousel oil . . . 

C,„HiiO, HO 

1100 

o'82,i;3 

2750 

1550*0 

3 A 


Carbolic acid . . 

Cl JI5 0, HO 

1175 

1*0808 

381-2 

1300*0 



Benzo-alcoliol . 

C14II70, 110 

i. 3 r>o 

T'0628 

4I.V4 

1546*0 



Formic acid , . . 

HO, C. H (X 

575 

12227 

210*2 

522'5 



Acetic acid . . . 

110, C, 

750 

1*0620* 

244*4 

797’5 

^ ih 

■j 

Propionic acid . . 

no, C„ HA 

925 

i*oi6i 

278*6 

1067-5 

280*0 

h 27 o *4 

Butyric acid . , 

no. 11/), 

1100 

0*9886 

312-8 

i’ 347'5 



Valeric acid . . 

HO, C,„H., 0 , 

1275 

o ‘9555 

347*0 

1640*0 

5 

J 

Benzoic acid . . 

HO, C„ 11 A 

1525 

i*o838t 

487-4 

1586*0 



Acetic anhydride . 

C,H/)„C,H,0, 

1275 

I *0969 

280*4 

i 37 .' 5 -o 



Ether 


925 

0*7366 

93*2 

132.50 



Formiate ol' methyl 

C, 11 , 0 , 0 . HO., 

7 .';o 

0*9984 

96 ‘8 

782-5 



Acetate of methyn 
Formiate of ethyl J 

c,h,o.c:ha 

C^HjO.CjllO, 

925 

925 

0-9562 

o ‘9394 

1310 

131*0 

1060*0 

1068*7 

277 5 A 
286*2 


Acetate of ethyl . 

C, 11,0,0, HA 

1100 

0*9105 

165*2 

1345*0 



Butyrate of methyl^ 
Proiuouatcof ethyl J 

0,11,0,0, 140, 

T275 

0*9210 

199-4 

1581*2 

2^63 


0 , 11 , 0 , 0 , HA 

1275 

0*9231 

199*4 

j. 572 r> 

236 2 

■283-6 

Valerate of niT)lliyJ '1 

0 ,H, 0 , 0 ,„HA 

1450 

0*9015 

233 '<> 

1865*0 


Butyrate of ethyl 1 

0 ,H,OAHA 

1450 

0*9041 

233 ’<> 

1865*0 


Aci;tatc of tctryl | 

0, 140,0,140, 

1450 

0*9004 

233I' 

i866*2 



Formiate of amyl J 

0 „H.,O, 0 , H O3I 

J450 

0*8945 

233 <> 

1872-5 



Valerate of ethyl 
Acetate of amyl j 

0 ,H, 0 ,O.A 03 

1625 

0*8829 

267*8 

2 1 68* 7 


• 

^^10^110,0, H^Oj, 

1625 

0*8837 1 

267*8 

2i66’o 



Vjilcratc of amyl . 

0 .„H„ 0 , 0 ,„HA 

2150 

o *^^793 1 

379*4 

3051*0 



Benzoate of methyl 

O3 140,0„140, 

1700 

1*1026 

374*0 

18790 


1304 

i Benzoate of ethyl . 

o,n,,o,o„H,o, 

: 1^75 

1-0657 

408*2 

21850 

300*0 

Benzoate of amyl . 

0 ,„ll„O. 0 ,,HA 

2400 

1-0039 

510*8 

3096*0 

3X303*7. 


: Cinuamate of ethyl 

0 , 140 , 0 „HA 

2200 

1*0656 

500*0 

2641*2 



Salicylate of methyl 

0 , H 0 . 0 „I 1 A 

1900 

1*1909 

433*4 

1867*5 



Carb<mate of ethyl 

0 ,il,Aa 40 , 

1475 

0*9998 

258*8 

Tf 73«*7 



Cx.alate of methyl 

0,11, 0„0,0, 

1475 

1-1566+ 

323'^ 

M 537 



Oxalate of el hO . 

cjiiA-C/J, 

1825 

i*ioi6 

366*8 

2087-5 

2 X 310*9 


Succinate of ctEyi 

0,,h,a.(’»hA 


1*0718 

422.6 

2612*5 



Acetone .... 

0,140, 

725 

0*8144 

133*8 

966*2 



Aldehyd .... 
Valcraldehyd . . 

Hydride of benzoyl 

0, n,o, 

Ci^Hg Og 

550 

1075 

1325 

0*8009 

0*8224 

I 0636 

69*8 

213*8 

354*2 

711*2 

1499*8 

1480*0 

255*0 

3 X 262 


Hydride of cumyl 

OaolliaOg 

1H50 

0*9832 

456*8 

2365*0 

3x295 


Benzole . * . . 

Cigtlg 

975 

0*8991 

1 7 6*0 

1300*0 

4x277 


Cymolc .... 

&0H12 


0*8778 

347*0 

2307*5 


T^aphthalin ... 

“ ^2oJl» j 

1600 

o- 9774 § 

424*4 

1890*0 



Tctryl . . . . 1 

^lelfis i 

1425 

o' 7 i 35 

226*4 

2306*2 




(1474) The atomic volure.es given in the foregoing table are 
those calculated by Kopp, for the boiling point of their respective 


* At 63^ t At 2^0^ X At 122\ § At I75^ 
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liquids given in the fifth column of the table. These boiling points 
are not in all cases the actual numbers obtained by experi;nent, 
but are in some instances modified according to considerations ex- 
plained in (1475); boiling point of many substances is only 

approximatively known, the estimates of difierent observers some- 
times varying several degrees. The atomic volumes contained in 
•this table, therefore, differ from* the earlier calculations already 
referred to, which were all made at ordinary temperatures. Now, 
it appears, if wc compare the hydrated acids contained in Divi- 
sion II. of the table witll the ethers in Division III.* that the 
atomic volume of the hydrated acid is about 537 less than that 
of the correspohding ether ; for instance : — 

At.Vol. • At. Vol. At. Vol. 

Butyric ether = 1 86^^*o Acetic ether = i345‘o Formic ether = 1068*7 

Butyric acid = i347‘5 Acetic acid = 797 5 Formic acid = 522*5 

Difference 517*5 * 547 '.^ 54^*2 

The difference between the atomic volume of the hydrated acid 
and that of its corresponding methylic compound is about 2 ^ 2 , : — • 

Butyr. methyl = 1581*2 A cef. methyl = 1060*0 Form, methyl =782*5 

Butyric acid = i347*5 Acetic acid = 797*5 Formic acid =522*5 

233*7 262*5 2600 

and, as may be seen by inspection of tbc table, the mean difference 
between tbc atomic volume of the corresponding compounds in the 
ethyl and the methyl series is about 293 : — 

Valer. ethyl = 2170*0 Butyr. etliyl = 1865*0 Acet. ethyl = 1345 

Valer. methyl = 1865*0 Butyr. metliyl = 1581*2 Acet. methyl = 1060 

305*0 283*8 I 285*0 

Now, since the corresponding compounds of the ethylic and the 
methylic series differ by (C2H2) this mean difference in the atomic 
volume of such corresponding compounds has becn^assumed by 
Kopp to represent ^he volume occupied by each equivalent of (C2H.2) 
when in combination. This difference, it will be seen from the 
foregoing table, ranges in a large number of compounds between 
250 and 300. Kopp fixes 275 as its average value at the 
boiling point of each compound. 

Isomeric liquids of analogous composition, such, for instance, as 
the different metameric .compound ethers, possess atomic volumes 
which are sensibly equal to each other ; such, for instance, as : — 

Butyric acid HO, C8E703= 1347*5 1 Vder. methyl C4HgO,CjoH905=i865 
Acetic ether C4H5P,C4H303= 1345 | Butyr. ethyl C2H30,C8 11703=1865 

Numerous other cases may also be seen by comparing the volumes 
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of the ethers which are bracketed together in the table, p. 776. 
But if the isomeric compounds belong to difierent and dissimilar 
series, the same correspondence is not observed ; for example : — 
Acetone . . . (C6lleOa)2= 1932*4 Aldfehyd . . (0411403)2 =1422*4 

of Siyl j CaHjO.CioHgO^iSes-o Butyric aci.} HO, CgHjO, =t347-s 


67-4 74-9 

By comparing together liquids which contain the same Knmber 
of equivalents, but in which a certain number of equivalents of 
oxygen haite been substituted for a similar number of equivalents 
of hydrogen, it is found, contrary to an opinion formerly’ expressed 
by Kopp, that the atomic volume of oxygen is sdmewhat greater 
than that of hydrogen ; as for example 

Acetic anhydride 0^11^06=1375*0 1 Acetic acid . . . 

Butyric acid . . ^''8^804= 1347*5 Alcohol .... 0411602=781*0 



From a similar comparison of compounds* in which a certain 
‘number of equivalents of carbon have taken the place of an equal 
number of equivalents of hydrogen, it has been concluded that the 
volumes of carbon and of liydrogen are equal. This is exemplified, 
according to Kopp, in the corresponding compounds of the valeric 
(CioHioO.jt), and the benzoic (CJ4H6O4) acids; but the examples which 
he has selected to prove this point indicate that there is a slight 
difference in the volumes of the two elements ; thus — 


of| 

= 1879 

Benzoic ether = 2185 j 

of 

( 

. = 186S 

Valeric ether = 2170 j 


14 

i 15 i 


Benzoate of 
met] 13d 
Valerate of 
methyl 


For the further prosecution of this subject the reader is referred 
to Kopp^s liitercsting papers in Liebig's Annalen, Bd, xcv. and xevi. 

The general conclusion which it appears we arc at present war- 
ranted in drawing from these observations is the following :~rThat 
in homologous compounds there is a definite and constant difference 
in their atomic volume corresponding to each successive addition of 
CgHg, but that the number which expresses this constant difference 
in one class of compounds differs from that which expresses it 
in other classes of homologous compounds. 

{1475) Lata of tlie Boiling Points . — At the same time 

that Kopp pointed out the regular increase in atomic volume 
which the successive terms of the same homologous series exhibit. 


he called attention to a not less remarkable regularity in the 
increase of the temperature required to produce ebullition as the 
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number of equivalents of (C2II2) increases in the compound. By 
inspecting the table at p. 77.6 Div. III., it will be seen on compar- 
ing the boiling points of the compounds of ethyl and of methyl, 
that for every addition of C2H2 in the empirical formula, a rise in 
the boiling point of about 36® F. takes place. 

The rise of temperature for each additional equivalent of 
MJ2H2 differs, however, in different 'classes of homologous compounds, 
as may^be seen by an examination of the following table, from 
which it apjiears that in the alcohols the mej^ri elevation of the 
boiling point for CgHais 31^*4. In the aldehyds it is 47®, though 
in this class the divergences from the mean are so considerable 
that it is probable, that several of the assigned boiling points arc 
inaccurate. In the radicles of the alcohols the mean rise is 42°, 
and in the homologues of benzole it is 41°. In the acids of the 
acetic scries it is 3 8*^*9^ and in the aniline bases it is 30^*5. 


Ethers. 

Formula. 

Observed Boiling Point. j 

Metliylic ether . . 

Methyl cthylic ether 
Ethylio ether . ’ . 

Methyl amylic ether 
Ethyl tetrylio ether 
Ethyl amylic ether 
Tetrylic ether . . 

Amylic ether . . 

C4 Hg Og. — 5°*8, Berthelot. 

Cg Hg Oo -h6i°‘8, Williamson. 

Cg H10O2 93^*2, Dumas; 93'^-5,Kopp; 94”'8, Andrews; 

o5^,DeIirs; 95*9, Pierre; 96*3,GayLu8sac. 
C12H14O2 I Williamson. 

*72‘^'4 — AVurtz. 

('i4Hig02 233°*(), Williamson. 

CiglljgOj 212^ — 2I9°*2F Wurtz. 

Cog llooOl 23 1°*8 — 233°*6 ? Balard ; 338°*o, Gaultier ; 

“ - Biockher. * 

Mean difference for = 44° F. 

Alcohols. 

Wood spirit. . . 

Ethylic alcohol . . 

Tritylic do. . . . 
Tetrylic do. . . . 
Amylic do. . . . 

Kexylic do. . . . 

Heptylic do. . . 

Octylic do. . . . 

C,II, 0, 

C, n, 0, 

C, IT, 0, 

CjgHjgOj 

Cjrtllj402 

148° — i49°-2,Kopp; 1 40*^, Kane; i40°*9 — 
141^*8. Delffs. 

i72°*4 — i 73'^’8, Kopp ; i72°*2, Andrews; 

173^, Pierre ; 173°* I, Gay Lussac. 

'>04°*8, Chancel. _ 

228^*2, Wurtz. 

266°*7 — 271^*4, Kopp; 269°*4, Pierre; 

26 f ’6, Delffs, Cahours. 

298°— 309°, Faget. 

? 

360°*, Bouis ; 352^*4, Moschnin. 


Mean difference for CjII, = 3i°*4 F. 


Aldehyds. 

Acetic C4H4O2 7i®*4, Liebig; 7 1°'6, Pierre; 67°-8, Kopp. 

Propylic . . . . Cg Hg Oj 131°— liU)®, Guckelberger. 

Butylic . . . . Og Hg Oj 154® — 167°, Guckelbcrger. 

Valeric .... 199°*2, Keyp ; 2040-8 — 2o6®*6, Parkinson; 

• 2 o 6°'6, Limpricht. 

CEnanthylic . . . Ci4ll,40.2 31 — 3160*4, Bnssy. 

Caprylic .... •CiglligOj ? 

Kutic C20H30O2 446°, Gerhardt. 

Mean difference for C^Hg = 47^ F. 
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Observed Boiling Point. 


Formic . , 
Acetic . . 
Propionic 
Butyric . , 

V aleric . , 

Caproic , , 

QInanthylic , 
Caprylic . , 

Pelargonic , 


Anhydrides. 

Acetic . . 
Propionic 
Butyric . . 

V altTic . , 

Caprylic , . 


Cg Hg O4 «209°*3,Lieb^ ; 2i2°,Wurtz; 22i°7,Eopp. 
C4 H4 O4 240^*8, Belns ; 242°'4, Kopp. 

Cg Hfi O4 286°-9, Kopp; about 284°, Dumas and others. 
CsHgO. 312°-8, Kopp, Delffs; 325%, Pierre;- 
327°* 2, Pelouze. 

C10H10O4 346°* I, Delffs; 347°, Dumas and Stas; 

348°*4, Kopp. ^ 

C12H12O4 388°*4. Brazier and Gossleth; 395° '6 — 

408°, Pehling. 

C,4H,40, P 

Ci6Hig04 . 4.'>6°*8, Pehling. 

^18^1 18^4 Cahours. 

Mean difference for CgHg = 36° 

Cg Hg Og 28 o°* 4, Gerliardt, Kopp ; 2 ^ 8 °’ 6 , Wurtz. 
CigHjoOg 336°*2, Limpricht and Uslar. 

Cigni40g About 374°, Gerliardt. 

CggTTjgOg About 419°, Gerliardt. 

C.j2H-j40g About 554°, Chiozza. 

Mean difference for C^H.^ = 22°* 7. 




Melhylic Ethers. 

Formiate of methyl ! 
Acetate . . . . j 

I 

Propionate . . . 
Butyrate . . . 


C. m O, C. H O 3 

c:ii3 0,c:n3 03 

c, o, Cg Hg O 3 

0.2 113 0 ,Cgn ,03 


Yalcrale 


Ethylic Ethers. 

Formiate of ethyl 


Acetate . . . 
Propionate , 
Butyrate . . 
Valerate . . 


Caproate 

Pelargonate 


Other Ethers. 
Acetate of trityl . 
Butyrate of trityl 
Formiate of tetryl 
Acetate of tetryl , 


90^*8, Kopp ; 9i°*2, Andrews. 
131° Andrews; I32*^*3 — 132°*6, 
Kopp; 139^*1, Pierre. 

P 

I99°‘4, Delffs ; 203® — 203°' 2, 
Kopp; 2I5°*8, Pierre. 
237°*2 — 240°'o, Kopp. 


Mean difference for CoTT« 


C4 Hg 0 , 0^3 03 

C 4 ngO,C 4 H 3 O 3 

C4lJg 0,Cg Hg03 
C4lIgO,C3 11,03 

C 4 IIgO,C,oHg O 3 


aF,o.c„H,A 

C. A O, 


1 2 7° '2, Pierre ; I27°’4, Delffa ; 
128°, Liebig; 130 ° 

Kopp. 

i 64°-7, Kmp; i 65°’2, Dumas, 
Delffs, Pierre. 

204°-5-'-2o 8°*4, Kopp; 2I3°*8, 
Limpricht and Uslar. 

230°, Lerch ; 235^*4, Delffs ; 

237°’7,Kqpp; 246® 2, Pierre. 
268°7, Delffs ; 27 Kopp ; 
272°*3,Otto; 27i°*4-r273®’2, 
Bertbelot. 

248°? Lerch ; 323^*6, Fehling. 
420°'8 — 424°-4, Cahours 5 435°*2 
Delffs. 


Mean difference for CjHg = 38°* 8. 

ICg H, O, C4 Kg OJ About 194®, Berthelot, 
|c„ H, O, C, H, oJ* ^36] About , do. 

iCg H, O, Cj H Oji j About ai3°, Wurtz. 
lO, H, O, C. H, o;| *5 a ] ,370.3, 



BOILING POINTS OP HOMOLOGOUS LIQUIDS. 


781 


Compound Ethers. 


Obser^ved Boiling Point. 


Formiate of amyl 
Acetate ... . 

Propionate, . . 
Valerate . . 

Caproato • . 


Acetat<Pof octyl 
Laurate of ethyl 

Alcohol Badicles. 

Etliyl tetryl . . | Ci3iri4 i43°*6, Wurtz. 

Methyl hexyl . . j 179^*6. do. 

Ethyl amyl . . ; Ci4Hig I90°*4, do. 

Tetryl . . . T CjeHig 222°*8, Wurtz ; 226°-4,Kolbc ; 227°-3, Kopp. 

Tetryl amyl . . 269°-6, Wurtz. 

Amyl <^ 20^123 311° Frankland ; 3i6°*4, Wurtz 

Tetryl hexyl . . 31 Wurtz. 

Hexyl .... 0241126 395°‘6, Brazier and Gosslcth. 

Mean difference for Cgllg = 42^. 

Hydrocarbona, 

Benzole .... CijHg 176^*7, Kopp; i76°'9, Mansfield; t77'^*6, 

• Churcli. 

Toluole .... C14H8 2 i 8°7, Cliurch; 222^*8, Glenard and Bou- 

dault ; 226°*4, Doville, Pelletier andWalter; 
229*^* I, Noad ; 235^*4, Mansfield. 

Xylole .... C,gH,o 259°*!, Church ; 264‘^*3, Cahours. 

Cumole .... Ci8Hi 2 29<S°*4, Abel ; 299°' 1, Church ; 304‘^'5, Ger- 

hardt. 

Cymole .... C2oni4 339<^-2, Church; 539°*8, Mansfield ; 340^*7, 

Hoad ; 35i°’5, Eopp. ^ 

, Moan difference for CoH^ = 41'^. 

! — ! » 

In the homologous ethers, which contain cliloriiie, bromine, 

iodine, and sulphur, the difference in the boiling point produced 

by each successive addition of C2H3 is considerably higher than in 

the compound ethers. For u'xamplc : — 


CigHi, 0 , Co H O3 237°‘2,Delff8; about 240° 8,Eopp. 

CjoHiA c: H3 O3. 27i%;Delffs; 273°--279° i, Jo. 

CjqHjiO, Cg H. O3 About 31 Wrightson. 

CigHiiO, CjgHg O3 372®— 372°‘9, Xo})n. 

CjoHjjO, CigHjjOg 41 1°*8, Brazier ana Gossleth. 
Mean difference for C2H2 = 34^*9 . • 

I CigHi70,C4 H3O3 379%, Bouis. 

I C4 Hg 0,C2 iH 2303 507® Georgey ; 516®, Delffs. 


i ChH,, 


ClsHoo 

CjoHj, 

'■'‘JO *^99 


Hydrocarbona, 

Benzole . . . 
Toluole . . . 


Xylole . . 

Cumole . . 

Cymole . . 


Compounds. 

Formula, 

Difi'crence. 

Observed Boiling Point. 

Chloride of methyl 

C, II3 Cl 

sr^s 

— 4°*, Berthelot. 

Chloride of ethyl . 

H, Cl 

+ Pierre. 

Chloride of tetryl . 

C, H, Cl 

2X52 5 
48 

43 

* 138^ — 1 67°, Wurtz. 

Chloride of amyl . 

* Chloride of octyl . 

C,„H„C 1 

C„H„C 1 

3I5°*6. Pierre, Cahours. 

347^ Bouis. 

Mean difference for CjHg =-50°. 

Bromide of methyl 
Bromide of ethyl . 

•C„H, Br 
C. H. Br 

5 o^ 

55®'4, Pierre. 
io 5°*8, do. 

Bromide of tetiyl • 

C, H. Br 

2X43 2< 

’ I92°'2, Wurtz. 

Bromide of amyl . 


54 

246°* 2, Pierre. 

Bromide of octyl . 

C„H.,Br 

4 o 

374°, Bouis. 

Mean difterence for C3I 

I2 = 45 °* 5 * 
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Compounds. 

Formula. 

Pifferenoo. 

Observed Boiling Point. 

lodfde of metliyl . 

C,H,I 


I o 7°*6, Andrews; iii®‘ 2, Pierre. 

Iodide of ethyl 

C4 h,t 

4,. 

I 58°*o, P ierre; Andrews; 

Frankland. 

Iodide of tetryl . 
Iodide of amyl 

CsH.I 


249°*8^ Wnrtz. 



294°* 8, Frankland ; 298°* 4, 
Kopp ; 300°*, Grimm. 

4 10°, Bouis. 

Iodide of octyl ' . 


1 


Mean dilTerence for CjjHg = 43°. ' , 

Sulphide of methyl 


2X4.‘> 

6X37 

1 03°' 8, Begnault. 

Sulphide of ethyl 

C, H.„S5 

i 95°'8, Pierre. 

Sulphide of amyl . 

^90 92^9 

420°* 8, Balard. 


Mean difference for CgHj = 40°' 

Methyl mercaptan 

a H, S, HS 

27 P 

2 X 46^ 8 

69°*8? Gregory. 

Ethyl mercaptan . 

c, 11, s, ns 

96^ 8, Liebig. 

Tetryl mercaptan 

a H„ S, HS 

1 90°* 4, Hurnann. 

Amyl mercaiJtan . 

CioH„S, HS 

57 ^ 

242^ 6, Krutsch ; 248°, Kopp. 


Mean difference for CgHg == 30^. 


Bases. 

Formula. 

Observed Boiling Point. 

Aniline .... 


339°*6, Hofmann. 

Toluidino . . . 

C„IT„ N 

388^*4, Muspratt and Hofmann. 

XyJidinc .... 


? 

Cumidine . . . 

c„ir,3N 

437^. Nicholson. 

Cymidine . . . 

C.0H1.N 

482", Barlow. 

Mean difference for CgHg = 30°'5. 

Pyridine .... 

N 

240°, Anderson 

Ficolinc 

CpHL N 

271°-4, do. 

Lutidine .... 

c.:n, N . 

310*^, do. 

Collidine .... 


356°, do. 


Mean difference for CgHg = 38^-7. 


A comparison of metameric bodies of analogous composition 
shows that the toiling points of such compounds coincide very 
nearly, wl\frea8 if they belong to series which differ in their com- 
position, the’ boiling points may vary widely. The differences be- 
tween the hydrated acids and the compound ethers metameric with 
them, given in the tabic p. 780, show the latter point very clearly. 

Many of the differences observed between the boiling points 
obtained by experiment and the theoretical numbers, (calculated 
according to Kopp's law of a constant difference,) may possibly 
disappear when the boiling points shall have been more accurately 
determined : but Kopp observes, that it must not be assumed that 
the toiling points of liquid^ when compared at any given pressure, 
will always exhibit the same differences as they do when com- 
pared at the average pressure of 30 inches of mercury. It does not 
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follow, for instance, though the boiling point of ether is 79^-5 below 
that of alcohol, under a pressure of 30 inches, that under a pressure 
of 15 inches, the difference between these boiling points should still 
be 79^*5 • since it is well known that what is called Dalton^s law 
(177), viz., that ^ all liquids at equal distances from their boiling 
point, emit vapours of equal tension,^ is not correct. 

The accurate determination.of the boiling point of a liquid is 
by no* means easy, as might be inferred from an inspection of 
the foregoing tables, where many experimentalists of great skill 
and experience give for the same well-known substiinces, numbers 
which differ by several degrees from each other. Indeed, it has been 
found, independently of the irregular manner in which many liquids 
boil in glass vessels (167), that in several cases impurities so slight 
as not materially to affect the result of ultimate analysis of the sub- 
stance, may j^e,t produce a considerable effect upon its boiling point. 

Numerous attempts have been made to determine the effect 
which the addition or the removal of a certain number of cquiva-* 
lents of each of the elements, carbon, hydrogen, and oxygen, 
exerts upon the boiling point of the resulting compound. These 
attempts, however, have not led to any satisfactory result, since 
the compounds thus compared belong generally to different series. 
The aldehyds, for example, cannot satisfactorily be compared with 
the alcohols, and it is only in the same homologous series that an 
equal rise in the boiling point can be expected for equal incre- 
ments in the number of the constituent elements. 

In the case of the alcohols, the volatile acids, and the com-' 
pound ethers, Kopp, assuming a constant difference of 34°' P. for 
C2H2, has calculated a table of boiling points which approximate 
pretty closely to the oJ)served numbers, the mean of the best obser- 
vations of which arc contrasted with Kopp’s calculated numbers, 
in the following table : — 


i 

+HO. 

CsIT^Os 

C 4 He 03 

c“h“o' 

>^ 14 :^ 16 X 2 

ilcohols. 

Observed. 

Calcu« 

kted. 

HO + 

Acids. 

Observed. 

Calcu- 

lated. 

Compoimd Elbe 

0+ ; 

1 Observed. 

rs. 

Calcu- 

lated. 

I 40 °-S 

* 73 °'o. 

[ 204°'8 
228°'2P 
269-5 

309 0 

p 

36 o°*o 

138-2 
172-4 
206 *6 
240^*8 : 
275-0 
309-2 
343°’4 
377 6 

CjHjOi 

C4H404 

CoH„04 

C.H,04 

2io°-6 

24 I °*6 

312-8 

347 °‘« 

388-4 

p - i 

456‘’-8 

210—2 

244-4 

278°'6 

312-8 

381-2 

4 t 5°’4 

449-6 

O4 H4 O 4 
C.H,04 

Cg Hg O4 

C,oH.„04 

91-0 

131-8 

165-0 

201-3 

236 °S 

270-0 

3ii°-P 

96^*8 

i3i°o 

165^-2 

199% 

233^*6 

267^-8 

302°*0 
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If the calculated results given in the foregoing table be 
assumed to be accurate, it follows, if one of the bodies con- 
tained in this table be compared with others analogous to it in 
composition, that the boiling point will be raised by about 26°* i 
for each additional equivalent of carbon; and that it will be 
reduced by about 26°- 1, for a dimkiufion of each equivalent of 
carbon ; but the 'effect produced by hydrogen is the reverse of that 
produced by carbon ; since for every additional equivalent of hydro- 
gen, the boiling point is lowered 9°; and for every equivalent 
of hydrogen which is removed, it is raised (f*. 

The reader will find an admirable digest of this subject by Kopp, 
in Liebig’s AnnaUn^ Bd. xevi. 

§ II. Atomic Heats. 

(1476) Relation of Specific Heat to Chemical Equivalents . — 
An interesting relation has been traced between the specific heats 
• of bodies and their combining quantities. It^has already been stated 
.(161) that the amount of heat required to raise equal weights of dif- 
ferent substances 1° in temperature varies for each species of matter, 
but is always constant for the same body when it is placed under 
like circumstances. The numbers which represent the respective 
quantities of heat required to raise each substance, through a given 
number of degrees of the thermomctric scale, when referred to that 
required to raise an equal weight of water, through the same interval 
-tsf temperature, constitute the specific heats of the different bodies. 

By comparing together quantities of the various elementary 
substances in the ratio of their chemical equivalents, and ascertain- 
ing the amount of heat which each requires to raise it through 
equal intervals of temperature, Dulong and J’etit made the impor- 
tant observation that the quantities of heat absorbed bear a very 
simple num(X *cal relation to each other. In a large proportion 
of instances, the amounts of heat thus absorbed, allowing for un- 
avoidable errors of experiment, are identical; and it was further 
observed, that the exceptional cases nearly always exhibit some simple 
multiple relation to this number. In other words, the specific heat 
of an elementary body is inversely as its chemical equivalent : con- 
sequently, the product of the specific heat of an element into its 
equivalent number gives, within certain limits for errors of experi- 
ment, either a constant number, or some multiple of that number. 

The law thus announced by Dulong and Petit has been con- 
firmed by the subsequent researches of Regnault upon specific heat 
{Ann. de Chimie, II. Ixxiii. 61, III. i. 129, and ix. 322). Regnault 
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determined the specific heats of a great variety of bodies, both 
simple and compound. He designates the product obtained by 
multiplying the specific lieat of a body by its chemical equivalent, 
as the atomic heat of the body. 

In 17 of the simple bodies which he examined, most of which 
were in a state of chemical ptlrity, he found the atomic heat to 
^ange between 3*31 and with a mean of 3*13. The elements 
comprisiid in this class are the following — viz., aluminum, bis- 
muth, cadmium, cobalt, copper, iron, lead, mercury, nickel, osmium, 
platinum, rhodium, seleniftm, sulphur, tellurium, tin, and zinc, 
A second smaller class was found to have an atomic heat which 
was double that of the elements contained in the foregoing list. 
It comprised silver and gold, antimony, arsenic and phosphorus, 
bromine and iodine, as well as potassium and sodium. These 
bodies gave for their atomic heat, numbers ranging between 5*85 
and 6‘87, with a mean of 6*42. Ecgnault has therefore proposed 
to divide by two, the numbers usually giv^^ as the equivalents of 
the elements in the second list. 

The table which follows* includes some of the principal results 
derived from Eegnault^s experiments, on a large numl)er of elemen- 
tary bodies. He found that the same clement has a difierent 
specific heat if examined in a dilFcrent state of aggregation : thus 
planished copper has a smaller specific heat than the same metal 
after having been annealed. The same fact is exhibited in dimor- 
phous bodies, the densest form having the lowest specific heat : 
diamond for example, has a specific heat of o*i 4 v 58 , whilst graphite 
has a specific heat one-third higher, or 0*2018 ; and the specific 
heat of wood charcoal is still higher, viz., 0*2415. 


Specific and '‘Atomic Heats of the Elements. 


Elements. 

Sp. Heat. 

Equiva- 

lent. 

Atormc Heat. 
(Sp. Heat X Eqt.) 

Diamond 

Graphite 

Wood charcoal . . . 

0*1468 

0*20lS 

0*2415 

6 

»> 

o-S8o8 

I*2J08 

1*4490 

Sulphur 

Selenium 

Tellurium 

Zinc 

Aluminum .... 

Iron 

Nickel 

Cobalt 

Cadmium 

0*20259 

0*0837 

0*04737 

009555 
0*2143 
0*11379 • 
0*10863 
0*10090 
0*05669 

16 

39 -<> 

64 

32‘5 

137 

28 

2<)'5 

557 

3*2414 
3*3145 
3*03 A 
3*1054 
2*9359 

3 1861 

3*2045 

3*1553 

3*i6i8 


3 E 
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Specific and Atomic Heats of the Elements. 


{^Continued, 1 


Elements. 

Sp. Heat. 

d 

Equivalent. 

Atomic Heat. 
(Bp. Heat x Eqt.) 

Tin 



005623 

58-8 

^•2863 

Copper .... 
Lead . . t . . . 



o*« 95 i 5 

3 r '7 

30162 



003 140 

1036 

3*2530 

Mercury (solid) . 



'0031412 

100 

3*192 

„ (liquid) 



003332 


3*332 0 
3*1976 

Platinum . . . 



0 03243 

98*6 

Palladium 1. . . 

lihodiurn . . . 



0 05927 
0-05408" 

63'2 

52-2 

3*1531 

2*8229 

Osmium . . . 



003063 

99*4 

3-0446 

Phosphorus . . 



0*1887 

31 

5- 8497 

6- 8732 

Iodine .... 



0*05412 

127 

Bromine (solid) . 



00843 

80 

6-744 

Bromine (liquid) . 



0*106 

»9 

8-48 

Potassium . . . 



0-6956 

39 

6*712 

Sodium .... 



02934 

23 

6-748 

Antimony . . . 



0*05077 

120 

6*0924 

Arsenic .... 



0*08140 

T.') 

6*1050 

Bismuth. . . . 



1 003084 

213 

6*5689 

Silver .... 



005701 

1 108 

6*1570 

Gold 



003244 

196*6 

6-3777 

1 


(1477) atomic Heats of Compound Bodies , — The alloys accord- 
ing to Regnault’s experiments, yield a specific heat which is 
exactly the mean of that of their components ; hence their atomic 
heat is equal to the sum* of those of their components : but with 
Alls exception, the atomic heat of a compound body cannot be 
calculatcjd like its chemical equivalent, from the sum of the atomic 
heats of its constituents. The atomic heat of the compound is 
very generally less than that sum, and it varies from this number 
according as, during combination, condensation of the component 
particles has occurred to a greater or less extent, and according 
to other hkherto unascertained causes. 

On comparing together equivalent quantities of isomorphous 
compounds possessed of a similar chemical composition, Neumann 
found that they likewise possessed equal atomic heats. The dif- 
ferences from the mean are in some cases considerable, but they 
are of the same order as those already observed to occur in the 
simple bodies. The mean atomic heat of the isomorphous car- 
bonates, such, for example, as the carbonates of lime, baryta, iron, 
lead, jsinc, strontia, and the double carbonates of lime and mag- 
nesia, is io‘6r, varying between 10*55 10*85. In like manner 

the sulphates of baryta, lime, strontia, and lead, yield a mean 
atomic heat of 12*41. 
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Regnault, from an extensive series of experiments on a great 
variety of compound bodies, has arrived at the conclusion ihat, 
In all compound bodies of the same atomic composition, and of 
similar chemical constitution* the specific heats are inversely as 
the atomic weights/^ The product obtained by multiplying the 
specific heat into the equivalent number in any one class of com- 
pounds may, however, differ greafly from the product of the coj^- 
respondfhg numbers in any other class, the numbers furnished by 
the different classes not being connected by any ^ery simple ratio. 
These facts will be rendered obvious by an examination of the sub- 
joined summary of Rcgnault^s results {Atm, de Chimie, III, i. 172), 

Atomic *Heats, 


Class of Bodies. 


Elements (ist class) . 

Do. (2nd do.) , 
Protoxides (ist class) 

Do. (2nd do.) 
Protosulphides . . 
Sesquioxides 
Sesquisulphidcs 
Binoxides 
Chlorides 
Iodides / 
Bromides f 
Fluorides ) 
Chlorides ^ 

Iodides > 
Bromides ) 
Bichlorides , 
Terchlorides . 

FFitraies . . 

Sulphates ) 
Carooiiatcs ) 
Sulphates ) 
Carbonates \ 


(ZuO) 
{Pb O) 


ist class, 
(such as BaCl) 

2nd class, 
(such as aCl) 


Tst class. 
(BaO. CO3) 
2nd class. 
(]S[a0,C02) 


General 

Atomic; 

Hcmt. 

N umber 

Formula. 

(Sp. Ucatx 
K(it. No.) 

of 

(‘XJimpleB 


3 ^3 

17 



10 

MO 

499 

376 

2 

MO 

5 

MS 

6*20 

7 

MjOg 

i 3 T )7 

6 


Tr/28 

2 

MO. 

MCf 

692 

9 ’ 3 ^ 

3 

8 

MI 

9-67 

2 

MBr 

9*68 

I 

MP 

8-40 

I 

MCI 

12‘84 

r> 

MI 

13-40 

5 

MBr 

13-70 

3 

MCI. 

Mci; 

18-64 

30*22 

2 

2 

MO, NO3 

-^4*13 

3 

MO, SO3 

13-28 

i 

MO, CO. 

10-77 

MO, SO3 

16154 * 


MO, CO2 

1474 

1 ^ 


§ III. Atomic Relations 01 Heat or Combination. 

• (1478) The quantity of Heat developed by Chemical Action is 

definite. — Not only arc the specific heats of the elements thus 
intimately related to each other, but the amount of heat which 
they emit when entering into combination is definite, and has a 
specific relation to the combining number of each substance. 
When the same substance is burned with a due supply of oxygen, 
and with suitable precautions, a given weight of it always emits 

3 £ 2 
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the same amount of heat. Thus i lb. of hydrogen, trhen burned in 
oxygen, always emits heat enough to melt 315*2 lb. of ice; 31 lb. 
of phosphorus, when burnt to phosphoric acid, yields heat sufficient 
to melt 1576 lb. of ice; and 61 b. of carbon when converted into 
carbonic acid, emits heat sufficient to melt 350 lb. of ice. It 
would at first sight appear easy to determine by direct experiment 
tj^c amount of heat which each body emits in the act of combining*^ 
witli an equivalent of oxygen, and to compare the results thus 
obtained, with a corresponding series of experiments made by com- 
bining the same elements with chlorine. Independently, however, 
of the difficulties which the exact admeasurement of heat always 
involves, there are others whic^ will be rendered evident by a 
little consideration. 

Scarcely any molecular change *can take place without either 
evolution , or absorption of heat. When a gas or a vapour becomes 
liquified or solidified, the change of state is always attended by 
the evolution of the heat which it previously contained in a latent 
state (164), and the effect is reversed when a solid passes into the 
liquid or the aeriform condition, heat being then absorbed (162). 
Now, the instances in which chemical combination takes place 
without any alteration in the physical condition of bodies are rare, 
and the cases in which the product occupies exactly the same 
bulk as the bodies from which it was formed, are still more so. 
When two gaseous elements, like chlorine and hydrogen, unite and 
Tt&rm a compound which is not only gaseous, but which occupies 
the same bulk as the bodies did before their combination, the 
problem is presented in the simplest form : the heat observed in 
such a case is due solely to the chemical action ; but when the 
products, though gaseous, occupy a smaller bulk after they have 
entered into combination, — as when 2 volumes of carbonic oxide 
unite with '*1 volume of oxygen, and form but 2 volumes of 
carbonic acid, — the heat emitted during the act of combination is 
due partly to chemical action, and partly also to the condensation 
which the gases have experienced. When the product assumes 
the liquid form, as occurs in the formation of water during the 
combustion of hydrogen in oxygen, the quantity of heat emitted 
owing to this change in form is still more considerable. When, on 
the other hand, a solid passes into the aeriform state, as when 
carbon is converted into carbonic acid, the heat actually observed 
is less than that w hich the combination ought really to produce : 
and the effect is reversed when the solid form is assumed by the 
product, as when phosphorus becomes oxidized to phosphoric acid; 
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in which case the heat evolved exceeds that really due to tlie act 
of combination. But even when no change of state is observed, 
minor disturbing causes are at work. Supposing it were possible 
to obtain a direct combinatiou of iodine with a metal, such as iron 
or zinc ; even then, though two solids united to form a third solid, 
it would not necessarily happen that the whole of the heat emitted 
.was due to the chemical action. If the iodide of ziAc, for example, 
contracted in the act of combination, a small portion of the heat 
observed would be due to that evolved by the solid in consequence 
of its change of bulk ; w^hcreas, if the iodide occupied a larger 
space after combination than that of the two elements separately, 
the heat observed would be less than that resulting from the 
chemical action : and even if no change of bulk occurred, it 
might happen that the compound had a specific heat diflerent 
from that of the original elements, and in such case a slight eleva- 
tion or depression of temperature might be occasioned, which was 
not really the chemical result of the act of combination. 

From the foregoing statements it is therefore clear that the 
experimental numbers, however carefully the observations arc made, 
can very rarely yield the actual quantities of heat due to tlio 
chemical actions : they arc compound results, from which the true 
calorific equivalents of the diflerent elements (or heat evolved by 
the combination of chemical ecpiivalents of the diflerent elements), 
must be deduced by other means. 

(1479) importance of determining accurately the amount 
of heat arising from chemical action, was first distinctly announced 
by Lavoisier, who instituted a scries of experiments with the view 
of finding the quantity of heat evolved during the combustion of 
various substances : his method consisted in ascertaining the 
quantity of ice wdiich was melted, when given weights of these 
bodies were burned in his calorimeter. The first experiments 
with any claim to accuracy, however, are those of Dulong, 
which have forrut^d the foundation for all subsequent researches 
upon the subject. Important additional investigations have since 
been made, particularly by Despretz, and recently by Andrews, 
and by Favre and Silbermann. 

(1480) Researches of Andrews , — The apparatus employed by 
Andrews in these experiments {Phil, Mag,y May, 1 848), was of a 
simple kind. When the substances to be combined were in the 
gaseous state, and the products of combustion were also gaseous, 
the two gases w^ere mixed in the proper proportions, as in the per- 
formance of a eudiometric experiment, and introduced into a vessel 
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of thin sheet copper {a, Fig. 338), of a capacity of about 24 cubic 
inches. It was closed by a screw^ the head of which was per- 
forated to admit a cork, through 
which a silver wire, b, passed, which 
was connected by a thin platinum 
wire within the vessel to a second sil- 
V|5r wire soldered to the screw itself,; 
this platinum wire could bp ignited 
by connecting it for an instant with 
a small ‘Voltaic battery, and thus the 
gaseous mixture could be detonated 
at the pleasure of the operator. The 
copper vessel containing the mixed 
gases was then introduced into a 
larger vessel, c, which was filled up 
with w^ater ; the vessel, c, was sus- 
pended in a cylinder, (i, provided with 
a moveable cover, and the whole 
was enclosed in an outer cylindrical 
vessel, e, arranged so as to admit of its being made to rotate 
upon its shorter axis. 

The apparatus having been mounted, was caused to rotate, in 
order to bring every part to a uniform temperature, and the exact 
amount of this initial temperature was then read off by a very 
V sensitive thermometer, capable of indicating differences of tempera- 
ture of TTo oth of a degree Centigrade. The thermometer was then 
withdrawn, and the gases exploded by igniting the fine platinum 
wire ; the outer vessel of water was closed by a cork, and the 
apparatus was caused to rotate for thirty-five seconds, in order to 
establish an equilibrium of temperature in all its parts. The ther- 
mometer wi.'^s again introduced, and the rise of temperature w^as 
ascertained. After this observation the apparatus was again made 
to rotate for thirty-five seconds, and the loss of heat thus occa- 
sioned was ascertained. This third rotation was necessary in 
order to determine the cooling effect of the atmosphere upon the 
apparatus, during the time that the experiment lasted : in these 
cases it seldom amounted to more than ¥wth of the total quantity 
of heat set free. 

When solid bodies were burned in oxygen, the form of the 
apparatus was modified ; the combustion was effected in a copper 
vessel {a, Fig. 339), of about 250 cubic inches in capacity, which 
w as filled with oxygen ; and a known weight of the combustible 


Fig. 338. 
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was supported in a small platinum dish, b ; when all was ready, 
the vessel, a, having been accurately closed, th^ combustible was 
ignited by means of a voltaic current sent through a very fine 
platinum wire in connexion with the insulated wire, /. Previous to 
this ignition the vessel, «, was immersed in a large cylinder, e, filled 
with a known quantity of water, and the whole was surrounded by 
an outer vessel of tinplate, d, to prevent the effects of radiation. Tlie 
copper vessel could be agitated within the vessel of water by means 
of the lever, c. Particular expedients were I’equired in certain 


Fio. 339. 



cases to ensure the ignition ; thus, in burning zinc filings and other 
metals in oxyg m, a minute portion of phosphorus was employed to 
kindle the metal ; the weight of this piece of phosphorus being 
known, the heat which it emitted was calculated, and deducted from 
' th&t observed. In some cases these experiments lasted fifteen or 
sixteen minutes, so that the correction for the cooling effect of the 
external air acquired considerable importance. 

When chlorine was used instead of oxygen, it was not neces- 
sary to ignite the substance under trial ; but in order to prevent 
the spontaneous ignition of the body, the latter was enclosed in a 
thin glass bulb, which was broken by agitation of the apparatus at 
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the moment that everything was prepared. The chlorine itself was 
in most instances contained in a glass vessel^ which was filled with 
the gas hy displacement ; an excess of the body for combination 
with the chlorine *was ^ways employed, so as to ensure the total 
absorption of the chlorine. The time allowed for absorption was 
in each case six minutes and a half. 

(1481) Experiments of Favr(* and Silbermann , — A very ex- 
tensive series of researches upon the development of heat , during 
molecular and chemical changes was undertaken by Favre and 
Silbermann [Ann^ de Chimie, III. xxKiv., xxxvi., and xxxvii). 
These experiments were conducted in many cases upon a larger 
scale than those of Andrews, and with a much more elaborate 
apparatus. It is satisfactory to find, however, that their experi- 
mental results generally agree pretty closely with those of Andrews, 
although they differ from him in some of their deductions. The 
essential part of Favre and Silbermann^s apparatus was a vessel 
of brass gilt, a, Fig. 340, in which the combustions were per- 
formed ; this vessel was immersed in a calorimeter, of silvered 
cojiper, which contained about 3I pints of w^ater. The calo- 
rimeter was supported in an outer 
vessel, c, lined with swan’s down, 
and this case w as itself surrounded by an 
outer double envelope, d, filled with water. 
It was found that by these means the 
loss of heat from the influence of the 
external atmosphere was reduced to a 
very small and measurable amount. When 
•the combustions wxre performed in oxy- 
gen, this gas, previously dried, was allowed 
to flow into the combustion chamber by 
the tube, e, and the gases produced, 
together with the superfluous oxygen, 
were forced, previous to their exit from 
the apparatus, to traverse a spiral tube 
of thin copper, /, so that they might be 
completely cooled down to the tempera- 
ture of the water in the calorimeter, b:gg is an agitator for 
ensuring uniformity of temperature in the Water of the calori- 
meter. 

Solid bodies were kindlefi by the introduction of small pieces 
of burning charcoal ; liquids were burned in small lamps with 
asbestos wicks, and gases wei^ introduced by a jet previously set 
on fire. The apparatus in the figure shows the arrangement for 
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burning carbon; tlie scale of the therraometers employed allowed 
a variation of Tenth of i°C. to be estimated. In most casc^ the 
weight of the substance burned was ascertained by collecting and 
weighing the products of combustion. 

(1482) The following table is compiled chiefly from the results 
of D along, Andrews, and Favre and Silbcrmann. It is founded 
»upon the direct results obtained by the rapid ‘combustion, in 
oxygen^ of the various substances enumerated in the first column. 
The heat unit adopted is the one proposed by D along, viz., the 
quantity of heat required •to raise one gramme of water 3 ° C., or 
rather, from 0° C. to 1° C. The second column indicates the units of 
heat evolved during the act of combustion ; or the weight in 
grammes of water which would be raised from 0° CJ to 1° by the 
combustion of i gramme of each substance. The third column 
indicates the weight of water heated to the same amo^uit by the 
combination of i gramme of oxygen with each body, and the fourth 
column (the calorific equivalent) is obtained by multiplying the num- 
bers in the third column by 8 (the equivalent number of oxygen). 

Heat developed faring Comhusiion in Oxygen, 



Heat 

UtiiU. 


Calorific 

equivalent 



Substoncos burned. 

■ 

Oranunes Q-raramea 
of water 1 ofw'aln* 
raised ! raised I'^C 
C, by j by combi- 
grammo ! tiation of 
of each |i gramme 
element. , of oxj^gen. 

Grammes 
of water 
rais(‘d i®C 
fur 8 
grammes 
(1 eqt.)of 
oxygen. 

Com- 

pound 

lormed. 

Observer, 

Hydrogen . . . 

i> ... 

344^^ 

4307 

34462 

HO 

Favre and Silbermann. 

^808 

4226 

33808 


Andrews. 

>» • •• • 

34743 

4343 

34743 

CO2 

I) along. 

Carbon .... 

8080 

3030 

24240 

Favre and Silbermann. 


PJOO 

2962 

23696 


Andrews. 

f» .... 

Sulphur .... 

7912 

2907 

23736 

s’bj 

Despretzpi' 

2220 

2220 

17760 

Favre and Silbcrmann. 


2307 

2307 

18456 

>> 

Andrews. 


2601 

2601 

20808 

»> 

Dulong. 

Phosphorus . . . 

5747 

5669 

4509 

36072 

PO, 

99 

Andrews. 

Abria. 

Zinc 

1301 

5285 

42282 

ZnO 

Andrews. 



1298 

5273 

42185 

Fe’o, 

Dulong. 

Iron 

i 57 t' 

4134 

33072 

Andrews. 


1702 

4340 

34720 

»» 

Dulong. 

Cobalt .... 

1080 

3995 

31960 

? 

ff 

iokel .... 

1006 

3723 

29784 

NiO 

» 

Tin 

1233 

4545 

36360 

iSnOj 




1144 

4230 

33519 

ShO^ 

Andrews. 

Antimony . . . 

961 

5«75 

47000 

Dulong. 

Copper .... 

002 

2394 

^9152 

CuO 

Andrews. 

>f .... 

.632 

2512 

20096 

if 

Dulong. 


794 


Heat developed during Combustion i» Oxygen. 


Substances burned. 

r 

Heat 

units. 

Grammes 
of water 
raised 
.»C by 
combina- 
tion of I 
gramme of 
oxygen. 

Calorific 

equivalent 

Com- 

pound 

formed. 

Observer. 

< 

r 

Grammes 
of water 
raised 
i°C., by 1 
p^ramme 
of each 
element. 

Qrammes 
of water 
raised 
i®C.,for8 
grammes 
(reqt.) of 
oxygen. 

Carbonic oxide 

» • 

>» • • 

Protoxide of tin . 

>» • 
Suboxide of copper 

ff 

Cyanogen . . . 

Marsh gas . . . 

5 ^ • • * 

Olefiant gas . . . 

>1 ... 

Alcohol .... 

It .... 

Ether .... 
Olivo oil .... 
Oil of turpentine . 

2634 

243 * 

2403 

534 

521 

256 

244 

5195 

13063 

13185 

13108 

I 1942 

11858 

12030 

6909 

6850 

7*83 

9027 

9862 

10852 

4600 

4258 

4205 

4473 

4349 

2288 

2185 

4221 

3266 

3296 

3277 

3483 

3458 

3514 

33 ” 

3282 

3442 

3480 

3294 

36876 

34034 

■33642 

35784 

34792 

18304 

17480 

33768 

26128 

26368 

-26216 

27864 

27664 

28115 

26488 

26256 

27536 

27840 

26352 

CO2 

a 

11 

SnOo 

CuO 

It 

i 

Dulong. 

Andrews. 

Favre and Bilbermann. 
Dulong. 

Andrews 

99 M 

Dulong. 

»» 

Favre and Silbermann. 
Dulong. 

Andrews. 

>» 

Favre and Silbermann. 

1 Dulong. 

i> 

Andrews. 

Favre and Silbermann. 

It 11 

Dulong. 

Favre and Silbermann. 


• The following tables contain the results of a similar series of 
experiments, in which chlorine, bromine, and iodine were em- 
ployed instead of oxygen : — 


Quantities of Heat disengaged by the Action of Chlorine. 


Elements 
operated on. 

Grammes 
of wat^r 
raised i'' C., 
by combi- 
nation of I 
gramme of 
substance. 

Grammes 
of water 
raised 1° C., 
by combi- 
nation of 1 
gramme of 
clilorine. 

■ Grammes of 
water raised 
1° by combina- 
tion of 1 eqt. 
(35;5gramme8) 
of cnlonne. 

Com- 

pound 

pro- 

duced. 

Observer. 

Hydrogen . 

24087 

678 

24087 

HCl 

Abria. 

Hydrogen . 

23783 

670 

23783 

II 

Favre & Silbermann. 

Phosphorus 

3422P 

607 

21548 

PCb? 

Andrews. 

Potassium , 

2655 

2943 

104476 

KCl 

11 

Zinc . . . 

1529 

1427 

50658 

ZnCl 

11 

Iron . , . 

1745 

921 

32695 

Fe^Cb 


Tin . . . 

1079 

897 

31722 

SnCla 

fi 

Antimony . 

707 

860 

30401 

SbCJj 


Arsenic . . 

994 

7^4 

24992 

AsCl. 

II 

Copper . . 

961 

859 

30494 

CuCl 

II 

Mercury 

P 1 

822 

29181 

P 

II 
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Quantities of Heat disengaged by the Action of Bromine and Iodine, 


Elements 
operated on. 

Grammes 
of water 
raised 1° C,, 
by combi- 
nation of I 
gramme of 
substance. 

Grammes 
of wat er 
raised i®C., 
by oony)i- 
nation of i 
graimiie of 
chlorine. 

Grammes of 
water raised i® 
by combination 
of I equivalent 
(35-5 grammes) 
of chlorine. 

Com- 

pound 

pro- 

duced. 

Observer. 



Bromine . 



Zinc . . . 1 
Iron*. . . 1 

1269 1 
1277 1 

508 

298 

40640 

23833 

ZnBr 1 
FcaBrJ 

Andrews.* 

ft 



Iodine, 

• 


Zinc . » , . 1 
Iron . . . ( 

819 1 

463 ' 

209 

63 

26617 

8046 

ZnT 

1 

ft 

ft 


From an inspection of the preceding tables it may be gathered 
that the amount of heat disengaged by the following bodies, in 
their ordinary physical state, during their combination with an 
equal weight of oxygen is nearly the same : viz., hydrogen, car- 
bonic oxide, cyanogen, iron, and tin, to which also may be added 
protoxide of tin, and phosphorus, though the heat disengaged by the 
body last named is somewhat higher than that furnished by any one 
of the others. If, however, to these numbers the corrections due to 
the change in the physical state of the products could be applied, the 
same coincidence would not be observed ; but, although the trust- 
worthy numerical data required for making these corrections do not 
exist, it is quite obvious that when equivalent quantities of the dif- 
ferent elements unite with equal weights of oxygen without under- 
going change in their physical state, they emit specific, but different 
amounts of heat. Sulphur, copper, and protoxide of copper, dis- 
engage little more than half the heat of the substances just men- 
tioned, and carbon is intermediate between these two groups. Zinc 
gives out more heat than cither, and potassium more than zinc. 

(1483) Injlaence of Bmorphism, — According ^to the experi- 
ments of Favre and Silbermann, the same substance, when in 
different allotrepic conditions, evolves somewhat different amounts 
of heat during combustion. The following results with carbon, and 
sulphur, in different states may be given in illustration of this point : 

Units of Heat. 

Diamond evolves 7770 

Graphite 779^ 

Wood Charcoal 8080 

Octohedral Sulphur 2220 * 

Prismatic * 2264 

Yiscous Sulphur 2258. 


* Transactions of the Mogul Irish Academy, vol xix. 1843. 
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Similar differences were observed when different forms of the same 
compound body were submitted to experiment. According to 
these observers heat w as evolved during the conversion of arago- 
nite into calcspar ; this is somewhat remarkable, for the density 
of calcspar is less than that of aragonite, and hence from 
analogy, an absorption of heat was rather to be looked for in this 
change. ' , 

(i484) Heat evolved in certain cases during Decompositioji, — In 
the experiments of Dulong it appeared that when oxide of carbon, 
or hydrogen, was b\irned in protoxide of aitrogen, a larger amount 
of heat wRs evolved than when the same weights of these gases were 
burned in. oxygen: following up this observation, Favre and 
Silbermann were led to the remarkable conclusion, that protoxide 
of nitrogen, in the act of decomposition, evolves a considerable 
amount of heat; and they estimate that not less than 1154 units 
of heat are evolved in the separation into its elements of a quan- 
tity of nitrous oxide which contains 1 gramme of oxygen. In 
the decomposition of peroxide of hydrogen also, heat is evolved 
instead of being absorbed, and they estimate the heat evolved 
during the liberation of i gramme of oxygen from peroxide of 
hydrogen at 1363 heat units. 

Chemists are also familiar with other cases in which decom- 
position is attended with disengagement of heat; as when the 
oxides of chlorine, and the so-called iodide, and chloride, of nitrogen 
arc decomposed. In these cases evolution of light and heat occurs, 
although the products of decomposition occupy a larger bulk than 
the compound which furnishes them. A still more striking 
evolution of heat attends the explosive decomposition of gun- 
cotton, although the gases produced occupy many hundred times 
the voltime of the original substance. The latter case is particu- 
larly instructive, for it is pbvious that the oxygen and carbon, 
although present in the compound, arc each there in a form in 
wliich they retain a large share of heat, ready to be evolved when 
more intimate chemical union occurs. 

(1483) Comhustion of Polymeric and Hornologom Compounds, 
— Favre and Silbermann have likewise examined the amount of 
heat developed during the combustion of many hydrocarbons, and 
compound ethers. From these experiments it appears that poly- 
meric bodies do not emit equal amounts of heat during combus- 
tion ; but that the denser \:he vapour which they furnish, the 
smaller is the amount of heat which they evolve in combining with 
equal weights of oxygen. The following table, which indicates the 
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amount of heat given out by hydrocarbons polymeric with olefiant 


gas, distinctly shows this : — 

Olefiant Gas . . 

C4H* . 

Heat Units. 

. . 11858 

Amylene . . . *. 

CjoHio . 

. . II49I 

Paramylene . . . 

^2oH20 

. . I 1303 

Cetenc .... 

^ 32 H 33 

• •. 1105.5 

Metamylciie . . 


. . 10928 


i 

In homologous compounds, such as the alcohols, and the fatty 
acids, it was also found that for equal weiglAs of oxygon con- 
sumed, tiic heat of combustion was diminished, the offccner that 
the group' of elements (C2H2) entered into the formation of tlie 
compound. 

Even in metaracric bodies, which contain the same number of 
equivalents, and which yield vapours of the same density, the quan- 
tity of heat evolved during combustion is not necessarily the same : 
from which it would appear that cUfferences in the molecular 
arrangement of the component elements, although tlie number of. 
the atoms may remain unaltered, may yet produce differences in 
the amount of heat evolved during oxidation. For example, tlic 
following metainerides evolve different quantities of heat : — 

Heat Units. 

Propionic acid . . . HO, CgllgOs . . . 4670 

Formic ether . . . OJIgO, C2HO3 . . . 5^79 

Acetate of methyl . C3H3O, C4H3O3 . . . 5344 

(i486) Indirect Methods of Estimating Calorific Equivalents , — 
The diflEiculties experienced in effecting the direct combustion of 
the metals in oxygen, chlorine, iodine, and sulphur, in such a manner 
as to ensure the perfect conversion of the metal into a given com- 
pound, unmuLcd with any other body of higher or lower degrees 
of oxidation, &c., are so considerable, that Favre aij^l Silbermaun 
were led to attempt the solution of this problem by indirect 
means. An examination of one of the methods employed in the 
case of the oxides, will furnish an idea of the general principle 
upon which they proceeded. 

Whenever a metal is acted upon by an acid, or when one 
'metal is employed to precipitate another metal from any of it^ 
salts, as when zinc is dissolved in sulphuric acid, or when copper 
is precipitated by means of zinc from a solution of its sulphate, 
heat is evolved. The calorific effects thus obtained are, however, 
complicated results \ for several chemical processes concur in each 
operation, some of these processes being attended with the absorp- 
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tion, others with the evolution of heat. The calorimeter, of 
course, only measures the difference of these quantities. 

Now, if it be assumed that the quantity of heSt which is 
absorbed when a compound is separated into its elements is the 
same as that evoked in the formation of that compound, it becomes 
possible to calculate the value of the calorific action of any one 
particular chemical operation in the entire process, provided that 
the heat produced or absorbed in the other portions of the process 
be determined by other experiments. Suppose, for instance, we 
take the case of the solution of zinc in dilute sulphuric acid — the 
elevation of temperature observed will be the resultant of the 
following operations : — 

In the first place, heat is evolved by the combination of an 
equivalent of zinc with one of oxygen. Let this amount of heat=«r. 

Secondly, heat is produced by the solution of the oxide of zinc 
in sulphuric acid : let this = a. 

Thirdly, heat is absorbed by the separation of the oxygen and 
, hydrogen during the decomposition of a quantity of water equiva- 
lent to that of the zinc dissolved : let this = h. 

If T be the number of hejit units indicated by the rise of tem- 
perature observed in the calorimeter, supposing a and b to be knowui 
from previous experiments, it is obvious that a? = T — a + 6, 
Experiment shows that T, the heat evolved during the solu- 
tion of I gramme of zinc, is equal to 567*9 heat units. The 
solution in sulphuric acid of i gramme of zinc converted into oxide, 
gave for a a quantity equal to 335*54 : and b, the heat absorbed 
during the decomposition of a quantity of water equivalent to a 
gramme of zinc, was equal to 1060*39 or 

34462 the calorific equivalent of hydrogen _ jofio* 

32*5 , the chemical equivalent of zinc 

consequently, x, the heat attendant on the oxidation of zinc, is thus 
obtained:— ne.tunit.. 

T = 5<57'90 
-h 4 = 1060*39 

1628*29 
== 335*54 
X t= 1292*75 

This number agrees very closely with the direct determination 
by Andrews and by Dulong, both of whom burned the metal in 
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oxygen. The experiments of Andrews would give the number 
130T, and those of Dulong 1298. But although the results 
agree very well in the present instance, the divergences are much 
greater in the case of iron and of copper. 

The following are the results deduced by F^yre and Silbcr- 
mann, by operations conducted upon this principle; the quantities 
of heat evolved being calculated for i gramme of each element, 
when combined with a single equivalent of the bodies with which 
it is united : — 



Oxides. 

Chlorides. 

BromidoH. 

Iodides. 

Sulphides. 

Hydrogen . 

34462 

33783 

9322 

—3606 

2741 

Potaseiuni .* 

2587-7 

2308 

1977*2 

1170*8 

Sodium . . 


4125-9 

Zinc . . . 

1291 

1547 s 



644-3 

Iron . . . 

1352*6 

l 775‘6 



i 634-0 

Copper . , 
Lead . . . 


• 922-7 
430-1 

315-4 

223-1 

285-4 

91.9 

Silver . . 

56-6 

322*2 

237-2 

1 i 72‘7 

511 


Notwithstanding the confidence with which these numbers 
are put forward by their authors, it must be admitted that the 
data necessary for the calculations by which they were obtained 
are as yet very incomplete. The latent heat of oxygen in the 
gaseous state is unknown, and otlicr important numbers arc 
wanting; the results given in tlie foregoing table cannot, there- 
fore, at present be received without great reserve. 

(1487) Mercurial Calorimeter of Favre and Silhermamu — Most 
of these experiments were performed by the aid of a mercury 
calorimeter [Ann, de ChhmeylW, xxxvi. 33). This instrument may 
be regarded as a mercurial thermometer, with a very large bulb 
capable of receiving within it the substances which were submitted 

Fia. 341 . 


to experiment. It consists of a large glass globe, a. Fig. 341, of the 
capacity of about 32 fluid ounces, provided with three apertures. 
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one at the top and two at the sides. Into one of the lateral aper- 
tures, 4 , is fixed obliquely a tube of thin iron or platinum, closed 
at the bottom ; and into this tube, which is called the rnyffle, is 
introduced another tube, c, of very thin glass, containing the sub- 
stances which are to be submitted to experiment : this glass tube is 
fitted into the metallic tube by means of a cork, d ; a small quantity 
of mercury is placed within the mjififle, the object of this expedient 
being to transmit the heat rapidly from the glass tube to tl^e body 
of the calorimeter. The second lateral aperture, c, terminates in a 
neck which is curved vertically upwards, and into which is cemented 
the bent extremity of a horizontal capillary tube, /, of uniform 
bore, open at both ends, and i 8 or 20 inches in length ; by means 
of this tube the changes in volume of the mercury can be mea- 
sured upon the scale, g g. Through the upper aperture of the 
globe passes a steel piston, A, moved by a screw, by which means 
the column of mercury in the capillary tube can be reduced at 
pleasure to the zero of the scale. The globe is itself enclosed in a 
wooden case, k, lined with swan’s-down in order to diminish the 
"disturbing effects of external changes of .temperature. 

The value of the amount of expansion indicated w^as at once 
transformed into units of heat, by ascertaining the amount of ex- 
pansion produced by the cooling of a given weight of water from 
the boiling point, to a measured degree of temperature : by multi- 
plying the weight of w^ater in grammes by the number of degrees 
Centigrade which it had lost in cooling, the number of units of 
heat was ascertained ; since, by our definition, a unit of heat is the 
quantity of lieat required to raise 1 gramme of water 1® C. The 
number of inches by w hich the mercurial column had advanced in 
the capillary tube during the operation was next accurately, mea- 
sured ; and by dividing this measured column by the number of 
heat units, tjie instrument was graduated so as to enable the 
observer to record at once the number of units of heat disengaged 
or absorbed during any chemical change. 

This apparatus is good in principle, but it is open to certain 
objections in the mode of its construction : — the sides of the glass 
vessel are necessarily thick, to enable it to sustain the large weight of 
mercury with which it is filled; the glass, therefore, cannot rapidly 
and certainly adjust itself to the ’temperature of the hot mercury 
with which it is in contact. Moreover the tubes are cemented 
into the three openings with fcastic or marine glue. The apparatus, 
to work well, should have been filled like a barometer or thermo- 
meter, since the presence even of a small bubble of air would 
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materially affect the accuracy of the results. ^ It is true -that it iS 
stated that the globe was filled wdth mercury in vacuo^ but with 
cemented joints this f>recaution would soon be rendered useless. It 
is therefore necessary in estiniating the amount of confidence due 
to the results obtained by its use^ to bear in mind these possible 
sources of inaccuracy. This is the more necessary, since it is princi- 
pally in the results obtained by^thc use of this apparatus that the 
results of Favre and Silbermann differ from those of Andrews. At 
the saiie time it is to be remarked, that the results published by 
the French observers appear to be very consistent with each other. 

(1488) On the Heat evolved during Metallic Preeijntations . — On 
the other hand it must be stated that the varied and careful expe- 
riments of* Andrews {Phil, Trans. 1 848) upon the heat evolved 
during the precipitation of several metals from their salts by the 
action of other metals, furnished numerical results differing from 
those calculated by Favre |ind Silbermann. In the experiments of 
Andrews, the corrections required are not in all cases completely 
under exact experimental control ; in the displacement of copper 
by lead the correction amounts to one- eighth *of the whole 
increment of heat, but in other instanced the correction is trill ijig, 
not exceeding one -fiftieth of the amount of heat evolved; the 
results obtained Jirc mutually consistent. An additional test of 
the accuracy of this method is afforded by the results funiishcd 
in two different series of experiments by the amount of heat 
obtained during the precipitation of copper by zinc, the corrcspand- 
ing numbo’s in both sets of experiments agreeing very closely 
with each other. In the first set of experiments a strong solu- 
tion of sulphate of copper was precipitated with zinc in a 
small glass vessel, and the heat estimated by the rise of 
teg^icrature experienced by the water of a calorimeter in whicdi 
the glass vessel was coT'.triincd : in the second scries, a dilute 
solution of sulphate of copper was employed, and the heat 
was measured the rise of temperature experienced by the liquid 
itself. The mean of 4 experiments by the first plan gave 864, as 
the number of units of heat evolved by the precipitation of each 
gramme of copper from its sulphate ; whilst the mean of 5 ex- 
•periments upon the latter method was 868. 

The following are the numbers given by Andrews, but he lias 
purposely abstained from any attempt to deduce from them the 
amount of heat developed during tBc indirect oxidation of- the 
metal which acts as the precipitant : — 

PART III. 3 F 
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Table of Heat evolved during Metallic Precipitations. 


Class of Salts used, and Metals em- 
ployed for precipitating them. 

Kame of 
precipitated 
metal. 

« 

tlnits of heat 
evolved by pre- 
cipitated metal. 

Name of 
precipitating 
metal. 

Units of 
heat for i 
gramme 
of pre- 
cipitating 
metal. 

' For I 
gramme. 

For I 
equivalent. 

Salts of Copper by^Zinc . . 
Salts of Copper by Iron . . 

Salts of Copper by Lead . 
Salts of Silver by Zinc . . 
Salts of Silver by Copper . 
Salts of Lead by Zinc . . 
Salts of Mercury by Zinc . 
Salts of Platinum by Zinc . 

Copper . 

Copper 

Copper 

Silver 

Silver 

Lead 

Mercury 

Platinum 

866 

592 

268 

426 

161,, 

182 

333 

899 

27452 

18736 

8488 

4597<5 

17408 

18856 

ii£ 

Zinc 

Iron 

Lead / 
Zinc 
Copper 
Zinc 

Zinc 

Zinc 

847 

‘s 

1420 

549 

585 

1034 

2750 


In these experiments a known weight of finely divided zinc, 
iron, lead, or copper, as the case might require, was mixed with a 
solution of the sdt to be decomposed ; taking care that the metal 
employed was always more than sufficient completely to decompose 
the salt in solution ; the rise of temperature which occurred was 
noted with the usual precautions. 

Andrews states as the result of a large number of experiments, 
that the quantity of heat developed during the mutual action of the 
same pair of metals is the same, when an equivalent of one metal, 
A, displaces another metal, n, from any of its salts, whatever may 
be the acid of the salt employed, provided that b is in the same 
state of oxidation in each of the compounds' submitted to experi- 
ment. But if a different metal be employed to effect the precipi- 
tation, the amount of heat evolved is different. Thus, whether 
chloride, or sulphate, or acetate, or formiate of copper be precipi- 
tated by zinc, the quantity of heat developed in each case for every 
equivalent of copper is sensibly the same, viz., 2745'Z. But if iron 
bo substitutec^ for zinc in the precipitation of the copper, the 
amount of heat is different, viz., 18736 ; though iron evolves the 
same amount of heat, whether the sulphate or the chloride of 
copper be employed. The same principle has since been assumed 
by Favre and Silbermann in their calculations. If the metals be 
arranged in a list, beginning with those which emit the largest 
amount of heat when used as precipitants, the order in which they 
will stand is the following — zinc, iron, lead, copper, ftiercuty, silver, 
and platinum. Now, it will be remarked that this is exactly in the 
electro-chemical order, zinc being the most electro-positive, and 
platinum the most electro*negative. Another interesting point of 
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connexion between the thermal and the electrical phenomena ex- 
hibited by the metals, is to be observed in the fact that the nature 
of the acid contained in the salt which is undergoing decom- 
position, does not influence^ either its thermal equivalent, or the 
electro- motive force (238), which it exerts when employed in the 
production of voltaic action. 

Another remarkable conclusion has been deduced by Andrews* 
from these experiments : — If three metals, a, b, and c, be so related 
that is capable of displacing b and c from their combinations, 
and B be also capable of displacing c, the bent developed by the 
substitution of a for c will be exactly equal to that developed in 
the substitution of a for b, together witli that developed in the 
substitution of b for c : — 

Heat Units. 

Thus, I equivalent of lead displaced by zinc = 18856 
I equivalent of copper by lead . . =- 8488 

I equivalent of copper by zinc . . = 2 7344 

The experimental nun\ber being 27452 

An analogous phenomenon is observed in the electrical relations 
of the metals (228) : when three metals such as platinum, zinc, and 
potassium arc arranged two and two in their electrical order, the 
electro-motive force generated between the two extremes, platinum 
and potassium, is equal to the sum of the electro-motive forces of 
the pairs platinum and zinc, and zinc and potassium. 

(1489) Calorific Equivalents of the Elements. — The results 
obtained by the direct action of oxygen, chlorine, iodine and 
bromUie upon various elementary bodies, arc summed up in the 
following table, in which the numbers given indicate the quan- 
tity of heat evolved by the union of equivalent quantities of 
oxygen, chlorine, iodine, and bromine, with each^eleraent, taking 
as the standara of comparison, the number of grammes of water at 
0° C., which would be raised to 1® C., by the combustion of 1 gramme 
of* hydrogen in oxygen. The quantities of heat thus given out 
are termed by Favre and Silbermann, the calorific equivalents of 
the different elements. 

The numbers to which an A is prefixed are those of 
Andrews ; F, S. indicate those of Favre and Silbermann ; when an 
asterisk is prefixed to any number, the result has been calculated by 
indirect methods, upon the principle already explained : — 

3 F 2 
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Calorific Equivalents of various Element^. 


Elcifnonta. 


Oxygen . 

CUorine. 

Bromine. 

Iodine. 

Sulphur. 

Hydrogen . . 

F.S. 

34462 

23783 

*9322 

*-3606 

*2741 

Carbon . . . 

a 

24240 





Sulphur . . 

ft 

17760 





Phosphorus . 

A. 

36072 





Potassium . . 

<A. 


104476 




Ditto . . . 

F.S. 

J 

*100960 

*90188 

*77268 

*45638 

Sodium . . . 

ft 


94847 



f 

Zinc .... 

A. 

) 42282 

50658 

40640 

26617 


Ditto . . . 

F.S. 

5 *42431 

*30296 



*20940 

Iron . . . . 1 

A. 

) 33072 

3269s 

'' 23833 

8046 


Ditto . . . 

F.S. 

i *37828 

*49651 



*17753 

Tin .... 

A. 

33519 

31722 

1 



Arson! c . . 



24992 




Antimony .* . 

Dulong 

47000 

A. 30401 




Copper . , . 

»» • 

} 191.52 

30404 




Ditto . . . 

F.S. 

3*21883 : 

*29524 



*9133 

Lead . . . 

St 

*27675 

*44730 

*32802 

*23208 

*9556 

Silver . . , 

tt 

*6113 

*34800 

*23618 

*18631 

*5524 


From an cxaminatiou of this table, it will be obvious that the 
temperature evolved in. the act of combination rises highest iix 
those cases in which the chemical affinity between the two elements 
is the strongest, and wdiere the compound possesses the greatest 
stability. No definite quantitative expression of the law which 
regulates the evolution of heat during combination, can, however, 
be deduced from these numbers, owing to tlie variety of dis- 
turbing causes (1478) when bodies are compared in the solid state. 

(1490) On the Heat developed during the Combination of Adids 


Heat Units evolved by the combination of i Equivalent 


Acids. 

Potash. 

Soda. 

AN 

Baryta. 

DREW. 

Am- 

monia. 

3 . 

Maji- 

nc 3 ia. 

Lime. 

Zinc. 

Lead. 

Silver. 

Potash 

FAVl 

Soda 

Sulphuric 

15900 

16200 


13900 

18500 

... 

II 800 



16083 

15811 

Sulphurous . 

15900 


... 




... 




... 

Nitric . . . 

14600 

14000 

14700 

12200 

17700 

15700 

HI 

0 

Caj 

8 

8900 

6900 

155JO 

1528 

Phosphoric . 

T4200 

14000 




15500 




17766 


Arsenic . . 

I4IOO 

13900 

... 

12200 




... 

... 

... 

... 

IlydrochloTic 

14300 

14700 

14760 

1 2 iOO 

0 

0 

... 

10600 



15656 

1512 

Hydrohromic 







... 



15510 

15 

HyJriodic . 

14200 

14100 

14700 

IJ9OO 



9800 

... 

... 

15698 

1509 

Chromic . . 

14006 






... 

... 


... 


Oxalic . . 

I44OO 

j 14600 


1 2400 


... 




14156 

137 .*^ 

Acetic . . 

13800 

13800 

13700 

II915O 


15.300 


8100 

... 

13973 

1360 

Formic . . 

1 3900 



.. 





... 


1 3 .’.o 

Tartaric . . 

13200 

12900 


11200 




... 

... 

1.34*25 

1265 

Citric . . 

13200 

12900 


II 000 




... 


13658 

1317 

Succinic . . 

13400 

I 12900 


11200 


... 
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with Bases, — A careful and extensive series of experiments upon 
the heat developed during the saturation of dilute solutions of 
different acids, by each of the more important bases with which 
they form soluble compounds^ was published by Andrews in 1841. 
{Trans, Roy, Irish Acad., vol. xix. Part IL) In these experiments, 
a slight excess of acid was purposely employed ; the bases, wlier(^ 
it was possible, being in a state of solution. When they were 
in tlic^insoluble form, the heat observed was of course lower than 
that due to the chemical action-; a portion being absorbed in- the 
passage of the base, from the solid to the liquid condition ; but 
although the quantity of heat so absorbed is unknown, this amount 
would be xjonstant for the same base, and therefore the observed 
results obtained for the combination of equal weights of this base 
with different acids would be mutually comparable. A resume of 
this subject is given by the same author in a “Report on the Heat 
of Combination,^^ published in the Report of the British Association 
for 1849, p. 69. From these experiments it appears: — 

I. “That an equivalent of the same base, combined with de- 
ferent acids, produces nearly the same quantity of heat. 

a. “ An equivalent of the same acid, combined with different 
bases, produces different amounts of heat. 

3, “ When a neutral salt is converted into an acid salt by 
combining with one or more equivalents of an acid, no disen- 
gagement of heat occurs. 

4, “ When a double salt is formed by the union of two neutral 
salts, no disengageihent of heat occurs. 


the undermentioned Bases with 1 Equivalent of certain Acids, 

ANJ; SILBEIIMANN. ^ | 

I I Am* j Ma^- I I I Man* I | I Iron I Cad- I I j j 

Baryta, monia. nesia. Linie. Zinc, gancse. Nickel. Cobalt, protox. mium. Copper. Lead. Silver. 


... 14^90 14440 ...* 10455 12075 11932 11780 10872 10240 7720 

360 13676 12840 16943 8323 I085P 10450 9956 9648 8116 6400 9240 6206 


13530 13220 - 


12649 12270 


8307 I1235 10412 10374 9828 8109 6416 ... 


7720 9982 9245 9272 8590 7546 5264 ... 
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5. When a neutral salt is converted into a basic salt, the 
combination is accompanied by the disengagement of heat. 

6 . When one and the same base displaces another from any 
of its neutral combinations, the heat eVolted or absorbed, is always 
[nearly] the same, whatever the acid element may be.^^* 

The results of Favre and Silbermann lead substantially to 
similar conclusions, though the absolute quantities of heat which 
they obtained in many cases, differ considerably from thos^^ given 
by Andrews. Tlje table which is given on the preceding page 
indicates the amount of heat obtained by both observers by com- 
bining I equivalent of each of the different bases, with each acid, 
the acid being always very slightly in excess. • . 

In the present stage of our knowledge upon this subject, it 
appears safest to state, that the quantity of heat emitted during 
the act of combination of equivalent quantities of different acids 
with a given base, although nearly the same, is not rigidly so. 
They might probably be arranged in isothermic groups, as follows, 
those which stand first evolving most heat : — with lEqt. of Potash. 

I. Sulphuric and sulphurous acids ' . . . *15900 

a. Oxalic, nitric, phosphoric, arsenic, hydro-] , 

chloric, hydiic . . . : : . jHdoo-Mcoo 

3. Chromic, formic, acetic 14000 — 13800 

4. Tartaric, citric, succinic 13200 

The bases also differ in the amounts of heat which they emit 

in combining with the SRmc acid, but as only a very few of the 
bases are soluble in Avater, their therpaic powers cannot be com- 
pared in so simple a manner as those of the acids. Potash, soda, 
and baryta seem to be nearly isothermic, whilst ammonia is 
decidedly inferior to these bases. Lime, magnesia, and the other 
insoluble oxides cannot be satisfactorily compared with each other, 
until the araOant of heat which is absorbed during their passage 
into the liquid form is known. 

♦ The author cannot here omit acknowledging the kindness of his friend 
Dr. Andrews, who has furnished him with a table of his experimental r£»sults, 
reduced from the paper in the Transactions of the Royal Irish Academy to 
the hydrogen unit, corrected for the specific heat of the solutions employed ; 
this correction is very trifling in amount, but it was omitted, as stated, in the 
original paper. Dr. Andrews has also communicated to the author the result 
of an unpublished series of experiments just completed upon this subject, 
which were undertaken with a view of throwing light upon the difference 
between the conclusions arrived ai by the French chemists, Rnd those formerly 
published by the Professor of Belfast. The general result of these new ex- 
periments, w hich were performed wdth thermometers of greater ddi^cy than 
on the former occasion, and w ith additional precautions to avoid error, con- 
firms the conclusions previously arrived at by Dr. Andrews. 
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APPENDIX. 


Specific Gravities corresponding to Degrees of ]fiaume^s Hydro- 
meter for Liquids heavier than Water. 


Degrees. 

Specific 

Gravity. 

Degreefeff 

specific 

Gravity. 

Degrees. 

• Specific^ 
Gravity. 

Degrees. 

Specific. 

Gravity. 

O 

1*000 

20 

1*152 


i’ 3 r .7 

60 

1-652 

I • 

1*007 

21 

i*i6o 

41 

1-369 

61 

1-670 

* 2 

1*013 

22 

1*169 

42 

1-381 

62 

1*689 

3 

1*020 

23 


43 

I ‘395 

63 

1*708 

4 

I 027 

24 

1*188 

44 

1-407 

64 

1-727 

r> 

I '034 


1-197 

45 

1*420 

% 

i ‘747 

6 

1*041 

26 

1*206 

46 

1*434 

66 

1-767 

7 

1*048 

27 

1*216 

47 

1-448 

67 

1*788 

8 

1*056 

28 

1*225 

48 

1*462 

68 

1*809 

9 

1*063 

29 

1*235 

49 

1-476 

69 

1*831 

lO 

1*070 

30 

, 1*245 

50 


70 

I "854 

II 

1*078 

31 

1*256 

51 

1*495 

71 

1-877 

12 • 

1*085 

32 

1*267 

52 

1*520 

72 

1*900 

^3 

1*094 

33 


53 

iT )35 

73 

1*924 


I*IOI 

34 

1*288 

54 

1*551 

74 

1*949 

15 

1*109 

35 

1*299 

55 


75 

1*974 

i6 

i*ii8 

36 

1*310 

5 <> 

1 ’583 

76 

2*000 

17 

1*126 

37 

1*321 

57 

I *600 



18 

1*134 

3 « 

1*333 

5 «- 

1*617 



^9 

1*143 

39 

1*345 

59 

I ’634 




Specific Gravities on Baume^s Scale for Liquids lighter than 

Water. 


Degrees. 

Specific 

Gravity. 

Degrees. 

Specific 

Gravity. 

Degrees. 

Specific 

Gravity. 

Degrees. 

. 

specific 

Gravity. 

10 

1*000 

23 

0*918 

36 

0*849 

49 

0-789 

II 

o*v93 

24 

0*913 

37 

0*844 

50 

0-785 

12 ’ 

0986 


0*907 

38 

0-839 

51 

0*781 

13 

0*980 

26 

0*901 

39 

0-834 

52 

0-777 

14 

0-973 

27 

0*896 

40 

0*830 

53 

0-773 

15 

0*967 

28 

0*890 

41 

0*825 

54 

0*768 

16 

0*960 

29 

0-885 

42 

0*820 

55 

0-764 

17 

0*954 

30 

0-880 

43 

0*8 1 6 


0-760 

18 

0*948 

31 

0-874 

44 

o*8ii 



19 

0*942 

32 

0*869 

45 

0*807 

58 

0-753 

20 

0-936 

33 

0*864 

46 

0*802 

59 

0-749 

21 

0-930 

34 

0*859 

47 

0*798 

00 

0-745 

22 

0-924 

35 

0-854 

48 

0*794 
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APPENDIX. 


Tlic degrees of Twaddell^s hydrometer are readily converted 
into their corresponding specific gravities by multiplying them by 
5, and adding looo. The following is- a short table of 

Degrees on TwaddelVs Hydrometer, and the corresponding 
Specific Gravities. 


Degrees. 

Specific 

Gravity. 

Degrees. 

Specific^ 

Gravity. 

Degrees, 

Specific 

Gravity, 

Degrees. 

Specific 
Gravitj^ . 

T 

I *005 

* 8 

* 1*040 

15 

1-075 

22 

I*II 0 

2 

1*010 

9 

1-045 

10 

I *080 

23 

1*115 

3 * 

1*015 

10 

I 050 

17 

1-085 

24 

1*120 

4 

1*020 

II 

1-055 

18 

I -090 


1*125 

5 

1*025 

12 

I -060 

19 

I -09s 

26 

1*130 

6 

1-030 

13 

1-065 

20 

1*100 

27 

I* 135 

7 

1*035 

14 

1-070 

21 

1*105 

28 

1*140 


English Weights and Measures. — Avoirdupois. 



Grains. 

Drachms. 

Ounces. 

lb. 

Qrs. 

C-w-t. 

Tons. 

Grain . . 

1 







Drachm 

27*34 

I 






Ounce . . 

437-5 

16 

I 





Pound . . 

7000 

1 256 

16 

I 




Quarter 

196000 

I lies 

448 

28 

I 



Cwt . . . 

784000 

28672 

1792 

TI 2 

4 

I 


Ton . . . 

15680000 

573440 

35^40 

2240 

80 

20 

I 


Troy Weight. 



Grains. 

dwts. 

Ounces. 

lb. 

Grain .... 

I 




Pennyweight . . 

24 

I 



Ounce . . 

480 

20 

1 


Pound .... 

5760 

240 

12 

I 


I cubic inch of distilled water in air at 62*^ F. = 252*456 grains. 
1 cubic inch of distilled water in vacuo at 62® F. = 252*722 grains. 


Cubic Inches. 


I Gallon = 

I Pint = 

I Fluidounee = 

I Litre = 

1 Cubic eentin^etre = 


277*276 

34-659 

i-73?9 

61024 

0*061024 


I Cubic inch = 16-387 cubic centimetres. 

1*00000 parts of gas at 32° F., 29*922 Bar. (also at 32°), become at 60° F., 
Bar. 30 inches (also at 60°} = 1*05720 parts. 
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Comparison of French and English Weights, 


I Gramme = 


3 ff — 

4 = 

5 »» = 

Tlie weight of a 


Grains. 

iS ‘432348 

30'864096 

4<5-297044 

61-729392 

77-161740 


Grains, * 

6 Grammes = 92 594088 

7 „ = 1 08*026436 

8 „ = 123*458784 

9 >» = 138-891132 

10 „ = 154-323480 


gramme is that of a cubic centimetre t)f distilled water 
at 39'®'2 R 


I Milligramme 
I Centigramme 
I Decigramme 
I Gramme • 

I Kilogramme 


Grains. 

= 0-01543 

= O-X5432 

= i‘5432 

= i5'432 

= 15432348 


oz. Av. 


35'2739 


lb. Av. 


2*2046 


Comparison of French and English Measures, 


I Millimetre = 
1 Centimetre = 
I Decimetre = 
j Metre* = 
I Kilometre = 


English Inches, 

0'03937079 

0-3937079 

3-937 c '79 

39-37079 

39370-79 


Feet, 

= 3-280899 

= 3280-899 


Yards, 

= 1-093633 

= 1093-633 


The length of the platinum metro is estimated at the temperature of 32° F., 
the English standard yard at 62° F. 


Fluid ounces. Pints,' 

I Litre = 35*2754 = i’7^377 

The capacity of a litre is that of a cube of a decimetre in the side. 


To Reduce Grammes to Grains, 

Log. Grammes + 1*188432 = log. Grains. 

To Reduce Cullc Centimetres to Cuhic Inchem. 

Log. cubic centimetres 4- ( — 2*7855007) = log. Cubic inches. 
To Reduce Millimetres to Inches, 

Log. mill i metres 4- (—2*5951663) = log. inches. 

To Convert Grain t into Grammes, 

Log. grains + ( — 2*8115680) = log. grammes. 

To Convert Cuhic Inches into Cuhic Centimetres. 

Log. cubic inches + 1*2144993 = log. cubic centimetres, 
To Convert inches into Millimetres, 

Log. inches -f- 1*4048337 ==^log. millimetres. 


* The metre is a ten-millionth paH of a quadrant of a meridian circle of 
the earth. 
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A??ENDrX, 


Vahes of Millimetres in English Inches. 


Milli- 

metres. 

English 

inches. 

MiUi- 

metres. 



English 

in^es. 

Him. 

metres. 

English 

inenes. 

I . . 

0-03937070 

45 • • 

V 


1*7716 

I2S . . . 

• 4*941 

2 . . 

0-07874158 

50 . . 



1*968 

130 .. . 

. 5-118 

3 • • 

0*11811237 

55 * 



2-165 

135 • • • 

5 ‘ 3 iS 

4 • • 

015748316 

60 . . 



2*363 

T40 . . . 

• 6 ' 5 i 2 

3 • • 

0-J9685395 

65 . . 



2 * 55 ? 

145 .. . 

• 5708 

6 . . 

0*23622474 

70 . . 



2-756 

150 .. . 

. 5-906 

7 • • 

o' 27559.553 

• 75 • ‘ 



2*953 

155 • • 

. 6'io3 

8 . 

0-31496632 

80 . . 



3*14? 

160 , . , . 

. 6-299 

9 • • 

°' 354337 ii 

I 85 . . 



3*346 

165 .. . 

. 6-490 

10 . . 

o' 3937079 o 

90 . . 



3*543 

170 . . . 

. 6-693 

ir> . . 

0’5905 

95 • • 



3*740 

175 • • • 

. 6-890 

20 . . 

0-7874 

100 . . 



3*937 

180 .. . 

. 7-087 

25 • • 

0*9842 

105 . . 



4*134 

185 .. . 

. 7‘284 • 

30 . . 

i*i8ri 

no . .. 



4*331 

190 . 

. 7-480 

35 

1*3779 

n 3 . . 



4-528 

195 .. . 

• 7-677 

40 . . 

I '5748 

120 . . 



4*744 

200 . . . 

• 7-874 


Table of the corresponding Heights of the Barometer in Millimetres 
and English Inches. 


metres, 


English 

inches. 

Milli. 

metres. 


English 

inches. 

Milli. 

metros. 


English 

inches. 

720 

=: 

28-347 

739 

= 

29095 

758 


29-843 

721 


28*386 

740 

= 

29*134 

759 

= 

29*882 

722 

= 

28 425 

741 

= 

29*174 

760 

= 

20*Q22 

723 

= 

28*465 

742 

= 

29*213 

761 

c=: 

29*961 

724 


28*504 

743 

r=: 

29-252 

762 

ss 

30*000 

725 

= 

28-543 

744 

rr: 

29*292 

763 

r= 

30*039 

726 


28*583 

745 

= 

29-331 

764 


30*079 

727 


28*622 

746 

= 

29*370 

765 

ss 

30*118 

728 

= 

28*662 

747 

= 

29-410 

766 

= 

30-158 

729 

z::z 

28*701 

748 

= 

29449 

767 

ss 

30-197 

730 

= 

28*740 

749 


29-488 

768 

s-s 

30-236 

731 


28*780 

750 

= 

29-528 

769 

ZS3 

30-276 

732 

== 

28.819 

751 

= 

29-567 

770 

= 

30-315 

733 


28*858 

752 

= 

29*606 

771 

SS 

.30-355 

734 


28*898 

753 

= 

29-645 

772 

== 

30-394 

735 

= 

28-937 

754 

= 

29-685 

773 

ss 

30-433 

736 

= 

28*970 

755 

= 

•29-724 

774 


30-473 

737 

738 


29*016 

29*055 

756 
t 757< 

= 

29-764 

29-803 

775 


30-6»2 
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Table for the Conversion of Degrees on the Centigrade Thermo- 
meter into those of Fahrenheit s Scale. 


° Cent. 

c 

Fah. 

°Cent. 

°Pah. 

® Cent. 

‘ ° Fah. 

« Cent. 

° Ffih. 

— 

lOO 

— 

148*0 

— 49 

— 56-2 

2 


53 

127*4 

— 


— 

146*2 

— 48 

— 544 . 

3 

37‘4 

S 4 

129*2 

— 


— 

144*4 

-47 

— 526 

4 

39*2 

55 


— 

HI 

— 

142*6 

— 46 

— 508 

5 

41*0 

56 

132*8 

— 

96 

— 

140*8 

-45 

— 49*0 

6 

42*8 

57 


— 

95 

— 

1390 

— 44 

t- 47 2 

7 

44*6 

5 « 

136*4 

— 

94 , 

— 

137-2 

— 43 

— 454 

8 

46-4 

^59 

138-2 

— 

93 

— 

1354 

— 42 

— 43 <' 

9 

48*2 

60 

140*0 

— 

92 

— 

133$ 

— 41 

— 41*8 

10 

50*0 

61 

141*8 

— 

91 


131*8 

— 40 

— 40*0 

II 

518 

62 

143-6 

— 

90 

— 

130*0 

— 39 

— 38-2 

12 

53 '^ 

63 

» 4 r >'4 

— 

o 2 

— 

128*2 

-38 

— 3<*'4 

13 

5 r /4 

64 

147*2 

— 

88 

— 

126*4 

— 37 

— 346 

14 

57*2 

65 

149-0 


87 

— 

124*6 

— 3 ^ 

— 32-8 

15 

59*0 

66 

150-8 

— 

86 

— 

122*8 

— 35 

— 31*0 

16 

60*8 

67 

152-6 

— 

% 

— 

121*0 

— 34 

— 29*2 


62*6 

68 

>r> 4'4 

— 

84 

— 

119*2 

— 33 

-r 27*4 

18 

64-4 

69 

156-2 

— 

8.? 

— 

117-4 

— 32 

— 25*6 

19 

66*2 

70 

158-0 

— 

82 

— 

115*6 

— 31 

— 23-8 

20 

68*0 

71 

159-8 

— 

81 

— 

113-8 

— 30 

— 22*0 

21 

69*8 

72 

1 6 1 *6 

— 

80 

— 

112*0 

— 29 

— 20*2 

22 

71*6 

73 

163-4 

— 

79 

— 

110*2 

— 28 

— 18*4 

23 

73’4 

74 

165*2 

— 

78 

— 

108*4 

— 27 

- 16*6 

24 

75*2 

75 

167*0 

— 

77 

— 

106*6 

— 26 

-- 14*8 

25 

77*0 

76 

168*8 

— 

76 

— 

104*8 

— 25 

— 130 

26 

78*8 

77 ■ 

170*6 

— 

75 

— 

103*0 

— 24 

— • 11*2 

27 

8o*6 

•78 

172-4 

— 

74 

— 

101*2 

— 23 

— 9*4 

28 

82*4 

79 

174-2 

— 

73 

— 

99*4 

— 22 

— 7*6 

29 

84*2 

80 

1760 


72 

— 

97-6 

— 21 

— 5*8 

30 

86*0 

81 

177-8 

— - 

71 

— ■ 

9 . 5'8 

— 20 

— 4*0 

31 

878 

82 

179-6 


70 

— 

94-0 

— 19 

i — 2*2 

32 

89*6 

H 3 

181*4 

— 

69 

— 

92*2 

— 18 

— 0*4 

33 

91*4 

84 

183*2 

— 

68 

— 

90*4 

““17 

+ 1*4 

34 

93*2 

85 

185*0 

— 

67 

— 

88*6 

--16 

3*2 

35 

95*0 

86 

186*8 

— 

66 

— - 

86*8 

— 15 

5*0 

36 

96*8 

87 

188*6 

— 

65 

0 

85*0 

— 14 

6*8 

37 

98*6 

88 


— 

64 


83*2 

-“I3 

8*6 

38 

100*4 

8«f 


— 

^3 

— 

81*4 

— 12 

10*4 

39 

102*2 

90 

194*0 

— 

62 

— 

79 

— 11 

12*2 

40 

104*0 

91 

195-8 

— 

61 

— 

77-8 

— 10 

14*0 

41 

105*8 

92 

197*6 

• 

60 


76*0 

— 9 

15*8 

42 

107*6 

93 

199*4 

— 

59 

— - 

.74*2 

— 8 

17*6 

43 

109*4 

94 

201*2 

1 — 

58 

— 

72*4 

1 

19*4 

44 

111*2 

95 

203*0 

— 

57 

— 

70*6 

— 6 

21*2 

45 

113*0 

96 

204*8 

— 

56 

— 

68*8 

— 5 

23*0 

46 

114*8 

97 

206*6 


55 

— 

670 

— 4 

24*8 

47 

116*6 

98 

208*4 


54 

— 

652 

— 3 

26*6 

48 

118*4 

99 

210*2 

— 

53 

— 

<> 3'4 

— 2 

28*4 

4 <> 

120*2 

100 

212*0 

— 

53 

— 

61-6 

— I 

30*2 

50 

122*0 

lOI 

213-8 

— 

5 ^ 

— 

598 

0 

32*0 

51 

123*8 

102 

215*6 

— 

50 

— 

58*0 

-f- 1 


52 

125-6 

103 

217-4 
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Conversion of Degrees bn the Centigrade Thermometer into those 
of Fahrenheifs Scale, 


{^Continued.'] 


° Cent. 

®Fah. 

° Cent. 

.. . 

0 

1 

° Cent. 

°Fuh. 

® Cent. 

°Fah. 

308 

586*4 

330 

626*0 

331 

663*8 

480 

896 

309 

588*2 

33T 

627*8 

352 

665*6 

4 JO 

914 

310 

5900 

332 

629*6 

•353 

667-4 

500 

932 

3II 

591-8 

333 

$ 3»‘4 

354 

669*2 

600 

1112 

31 

593 '<> 

334 

633*2 

3 G 5 

671*0 

700 

1292 

313 

595’4 

33.5 


3 r)<> 

672*8 

800 

1472 

314 

597'2 

33<5 

^36-8 

357 

674-6 

*900 

1652 

313 

599*0 

337 

638-6 

358 

676*4 

1000 

1832 

316 

6oo*8 

338 

640*4 

359 

678*2 

I TOO 

2012 

317 

602 6 ^ 

339 

642*2 

360 

680*0 

1200 

2192 

318 

1^04*4 

340 

644-0 

370 

698 

i 1300 

2373 

3 T 9 

6 o 6*2 

341 

645-8 

380 

716 

1400 

'> r* H 

320 

608*0 

342 

647-6 

390 

734 

1360 

2732 

321 

609*8 

343 

649-4 

400 

752 

1600 

2912 

322 

6ii‘6 

344 

651-2 

410 

770 

1700 

3092 

323 

6 i 3’4 

343 

6530 

420 

788 

1800 

3272 

324 

615*2 

340 

654-8 

430 

806 

1900 

3453 

323 

617*0 

347 

656*6 

440 

824 

2000 

3632 

326 

6 1 8*8 

34H 

658*4 

450 

842 

2100 

3812 

327 

620*6 

349 

6 / 30*2 

460 

860 

2200 

3993 

328 

622*4 

350 

662*0 

470 

878 

2300 

4172 

329 

624*2 
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Quantities of Absolute Alcohol by Weight , in Mixtures of Alcohol 
and Water of the following Specific Gravities {Drinkwater ) : — 


specific 
Gravity 
at 60° F. 

Alcohol 

weight 
in 100 
parts. 

{^neoifio 
Gravity 
at 60° P. 

Alcohol 

by 

weight 
in 100 
parts. 

Specific 
QraviW 
at 60° V. 

Alcohol 

by 

weight 
in 100 
parts. 

Specific 
Gravity 
at 60® F. 

Alcohol 

by 

weight 
in 100 
parts. 

Specillo 
Gravity 
at 60® F. 

Alcohol 

by 

weight 
in 100 
parts. 

1*0000 

0*00 

o*gg67 


*9934 

3<57 

•9901 

570 

'9869 

7’85 

*9999 

0*05 

gg66 

1*83 

■9933 

3‘73 

*9900 

5*77 

•9868 

7-92 

•9998 

0*11 

•9965 

1*89 

*9932 

3-78 

•9899 

5*«3 

•9867 

7'99 

'9991 

0*16 

•9964 

1*94 

*9931 

3‘«4 

*9898 

589 

*9866 

8*o6 

•9996 

0*21 

■99^*3 

1*99 

‘9930 

3*90 

•9897 

5.96 

*9865 

8*13 

'9995 

0*26 

•gg 52 

2*05 

•9929 

3'9<> 

•9896 

602 

•9864 

8*20 

*9994 

0*32 

•9961 

211 

•9928 

4.02 

■9895 

609 

*9863 

8*27 

*9993 

0*37 

•9960 

2*17 

•9927 

4*o8 

•9894 

615 

*9862 

8'34 

*9992 

0*42 

'9959 

2*22 

•9926 

4*14 

•9893 

6*22 

*9861 

8*41 

•9991 

0-47 

■9958 

2*28 

*9925 

4*20 

•9892 

629 

•9860 

8-48 

•9990 

0*53 

■9957 

2*34 

*9924 

4-27 

•9891 

^■35 


875 

•9989 

0.58 

‘ 995 ^ 

2*39 

*9923 

4*33 

*9890 

0*42 

■9S58 

8*62 

•gg88 

0*64 

•9955 

2-45 

•9922 

4*39 

•9889 

649 

•9857 

8*70 

•9987 

0*69 

•9954 

2-31 

*9921 

4*45 

•9888 


•9856 

877 

*9986 

0*74 

•9953 

2-37 

•9920 

4 ‘ 5 l 

*9887 

6 62 

■9855 

8*84 

■9985 

0*80 

•9952 

2"62 

•9919 

4 T >7 

•9886 

6*69 

•9854 

8-91 

•9984 

0*85 

•9951 

2-68 

•9918 

4-64 

•9S85 


•9853 

8-98 

■9983 

0*91 

•9950 

2-74 

•9917 

*4-70 

*9884 

682 

•9852 

905 

•9982 

0*96 

•9949 

2-79 

•9916 

4-76 

•9883 

6' 89 

■ •9851 

9*12 

•9981 

I *02 

■9948 

2-85 

*9915 

4*82 

*9882 

6-95 

*9830 

9*20 

•9980 

1*07 

•9947 

2‘9I 

•9914 

4*88 

•9881 

7*02 

•9849 

9*27 

■9979 

ri2 

■9940 

2-97 

*9913 

4*94 

'9880 

709 

•9848 

9*34 

■9978 

i*i8 

•9945 

302 

•9913 

5*01 

•9S70 

7'i6 

•9847 

9*41 

'9911 

1*23 

•9944 

308 

*9911 

5*07 

•9878 

723 

•9840 

9*49 

■()916 

1*29 

•9943 

314 

♦9910 

5*13 

•9877 

1'30 

■9845 

9*56 

9*<>3 

'9915 

1*34 

•9942 

3-20 

•9909 

5*20 

•9876 

T31 

•9844 

'9914 

I ‘/to 

•9941 

3-26 

•9908 

5*26 

■987s 

7'43 

•9843 

9*70 

'9913 

1*45 

•9940 

3-32 

•9907 

5*32 

•9874 

750 

•9842 

9*78 

•9972 

1*51 

•993? 

3-37 

•9900 

5*39 

■9873 

7'07 

7'64 

•9841 

9*^5 

•9971 

1*56 

•9938 

3-43 

*9905 

5*45 

•9872 

•9840 

9*92 

•9970 

I'OI 

■9937 

349 

•9904 

5*51 

•9871 

Til 

■ 9®39 

1 9*99 


1*67 

1*73 

•9936 

•993s 

1 

3'55 

3-61 

‘9903 

*9902 

5*58 

5*64 

■9870 

7-78 

•9838 

10*07 


This table is founded on synthetic experiments, 4 '^. which 
eleven different mixtures of alcohol and water were made, contain- 
ing respectively 0*5, i, 2, 3, 4,^5, 6 , 7/8, 9, and 10 per cent, of 
alcohol by weight : the alcohol employed had a specific gravity of 
07938 at 60®. 
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Proportion of Absolute Alcohol by Weight in lOO 2mrt$ of 
Spirit^ of different Specific Gravities at 6 o P. 
(Fownes. PhiU IVans. 1847.) 



In this table every alternate number is the result of a direct 
synthetical experiment; absolute alcohol and distilled water being 
weighed out in the proper proportions, and mixed by agitation in 
stoppered bottles ; after a lapse of three or four days, each speci- 
men was brought exactly to 60® F. and the specific gravity 
determined with great care. 
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DERIVA- 

TIVES 

from 

positive 

radicles. 


DERirA- 
TTVES 
from / 
nogalive \ 
radicles. 


DERIVA- 

TIVES 

from 

both 

positive \ 
and 

negative j 
ra^cles. 


Gerhardfs Classification of Bodihi 


TYPE, WATEB. 
n h]0,. 


OpDES. 


Bases, properly so called. 

1, Trimary or hydrated hasea, 
e.g. hydrate of potash, jj j O; 
hydrate of arsenethylium, 

2. Secondary or anhydroue 
laaea, e^.o^de of potassium, 




Alcohols, or liydrocarhu- 
retted bases. 

1. Primary or true alcohols, 

wood spirit, Oa; 

hydrate ofphenyl,^i2}[s] Oj; 

H 

H ; 

2. Secondary aloohoh or simple 
elhcrs, e.g. ordinary ether, 

O4II5) 


glycerin, 


Aldehyde. 

1 . Primary aldehyds, e.g. acetic 
aldehyd,^‘‘jP j Oa; essence 

of bitter almonds',^ j ( >2. 

2. Secondary aldehyds (exam- 
ples wanting). 


f' Acids. 

1. Primary or hydra led acids, 
e.g. sulphuric, 

benzoic, Oa, cyanit 

}Oa, acids. 

2. Secondary or anhydrom 

acid^ «.^.8ulpliuric, j O3, 

and benzoic, O3, 

anhydrides. 


Oxysalts, e.g. salphai.c«, 

cyanates, ^ } Oa. 

Compound ether«, «.</. sul- 

cyanic ether, j O*; oxalic 
ether, } 0,; glycerides 

as tcrstcarin,ffi® ] . 

, Compound adciehyefs! 


SunPHiuBS. 
(Selenides, tellnrides). 


Sulphides of bases. 

I. Primary sulphides. 


'rtmary 
sulpKhydrides, "e.g. sulph- 
hydride of potassium,^ | Sa 5 
sulphhydride of aniline, 
Hs(CxaHa)N|g^ 

2. Secondary or metallic sul- 
phides, e.g. sulphide of 
potassium, ^ j 83. 


Sulphides of alcohols. 

I. Primary sulphides, or ificr- 
captana, e.g. sulphhydride 


of ethyl. 


exp 


2. Secondary sulphides, or sul- 
phuretted ethers, e.g. sul- 

X»hidc of ethyl, j S3. 


Sulphides of aldehyds. 

I. Primary sulphides, e.g, sul- 

pho-benzol,^i^]j5 j 


2. Secondary sulphides (want- 
ing). 


Sulphides of acids. 

1. Primary sulphides, c.q. 
hydro-suJphocyanic acid, 


2. Secondary sulphides, e.g. 
sulphide of benzoyl, 

C, 411503 >g^ 

CuIi^Oai^*' 


Sulphd-saitB, e.g. sulpho- 
cyonides, | S3 j sulphanti- 
^moniates, j 84. 


dSmpound sulphuretted 
ethers, e.g, tniacetate of 
ethyl, ]S8;Bulplio. 
cyanide of ethyl, 


Compound sulphuretted 
aldehyds. 


TYPE, IlYDKO. 


ChIvOKIDES. 

(Bromides, iodides, and fluorides' 


Chlorides of bases. 

I. Primary or metallic chin, 
rides, chloride of puliis- 
siura (KOI); hydrochloiaic 
of aniline [113(0^211 5)N, Cl „ 


Chlorides of alcohols. 

iH Primary chlorides, or hyih'n- 
chloric, ethers, e.g. chloritli 
of ethyl (O4H5, d). 


Chlorides of aldehyds. 

1. Primary chlm'ides, e.g. ciilo' 
ride of aldt'hyden, (I'roji 
Dutch liqTiid) (C*!!;,, Cl). 


Chlorides of acids. 

I. Primary chlorides, or or;:- 
chlorides, e.g. benzoic o\y 
chloride, or chloride of I'cn- 
zoyl(C,*U603,Cl);oxy.hl.'- 
ride of phosphonis( 
free chlorine (Cl, Cl) ; 
ride of cyanogen (Cy, Cl). 
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wording to their Chemical Functions. 


tHLOIUC ACID. 


TYPE, AMMONIA. 


TYPE, HYDROiJEN. 


Cyanides of bases. 

I. Primari) or metallic cyanides, 
e.q. cyauido of potassium (KCy); 
fo'rrocyanidc of potassium. 


Nitbiubs. 

(Phospbides.) 

Nitrides of •bases. 

1. Prima^ niMdea, e.g. amide of 

potassium, h|n. 


M ETAM. 

(Both simple and eompomul.) 

Metals of bases. 

I, Primary metals, or hydrides of 
met ah, e.g, hydride of eopi>er, 
Cu,U. 


Cyanides of alcohols.^ < 

I. Primary cyanides, or hydrocyanic 
et tiers,' or nitriles, e.g. acetoni- 
trile (OaHs, C'y). 


a. Secondary nUrides (unlcnown as 
yet). 


a. Secondary metals, or wetah pro^ 
pcrly so called, e.g. potassium, 
stibiotriethyl, • 


3. TertUiT^ nitrides, e.j/. nitride of { 

potassium, K ^N. 

Nitrides of alcohols, or bases Metals of alcohols, 
from alcoiiols. 

r. PrinuMry nitrides, e.g. i. Primary metals, or hydrides of I 

CiHs") the alcokoh, e.q. marsh gas, 1 

cthyto, IjjN. 


Cyanides of aldehyds. 

I, Primary cyanides (not known 
as yet). 


a. Secondary nitrides, e.g. 
C4H5') 

diethylia, CJU 
• HI 


i 3. Tertiaru nitrides, e.q. 

■ ■ 

triethylia, C4II5 >N. 

C JI5 ) 

Nitrides of aldehyds. 

I. Primary nitrides. 


Cyanides of acids. 

I, Primary cyanides, e.g. cyanide 
of benzoyl (C,4HjO!b‘ Cy) ; free 
cyanogen (Cy, Cy). 


a. Secondary nitrides. 

3. Tertiary nitrides. (All these 
classes arc as yet unknown.) 
Nitrides of acids. 

I. Primary nitrides, e.g. 


2. Secondary metals, or alcohol 
radicles, e.g. ethyl, ^ 

c„>Ti,a 

CioH.ir 


: Metals of aldehyds. 

I, Primary metals, or hydrides 
of aldehyds, e.g. olcliant gas, 

m 

a. Secondary metals (not yet ob- 
tained). 


CuHsOi) 

beuzatuide, H ?■ N ; 

H ) 

a. Secondary nitrides, e.g. 

succinimide, (CgH 4O J" > Nj ; 

(’4 1 WY 

hippurie acid, Ci4H50a^ N, 

3. Tertiary nitrides, e.g. dibenzoyl 

ChHA') 

salicylamidc, CuHsOj >• N j free 

1\4H,04) 

nitrogen, N'", N. 

Salts of amide^ hydrargo- 


Le, Hg [ n . 
H i 


Alkalamides, or amides derived 
from alkaloids or organic bases 
instead of from ammonia, e.g. 
(C4 <h)" ■) 

oxauilide, (C|;_ll-,»s r Na; 

Ha ) 

i CilUh) 

1 ethyl-acctamide, C4H5 >N. 

ll J 


Metals of acids. 

I, Primary metals, or hydro-acids, 

c.ijr. hydride of benzoyl, j ; 

hydrochloric aeid, j ; hydrocy- 1 
anic acid, • 

a. Secondat^ metals, or radii^en. 

e.g.hcmoyl, ojjIrOal’ 

J!}]; cyanogen, J^y]. 


In this division many of those 
already referred to other classes 
would find their plaises, such for 
instance us the ey:iiii<los of the 
alcohols, which contain the elec- 
tro-negative radicle (cyanogen) 
of (ryanic acid, and the electro- 
positive radicle of the alcohol. 
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APPENDIX. 


Table of the Tension of Aqueom Vapour expressed in Inches of 
Mercury y at 32"^ F.,for each degree F, between o® and ^100^. 


Temp. 

Inches of 
Mercury . 

Temp. 

“P. 

Inches of 
Mercury. 

Temp. 

° P. 

Inches of 
Mercury. 

Temp. 

0 p 

Inches of 
Mercury. 

0 

00439 

26 

O ' *395 

51 

o' 374 a 

76* 

0*8964 

I 

0*0459 


0-1457 

52 

. 0*3882 

u 

0*9266 

2 

00481 

28 

0*1522 

53 

0*4026 

78 

0*9577 

0*9898 

3 

00503 

29 

0*1589 

54 

o' 4 i 75 

79 

4 

00526 

30 

0*1 660 

55 

0*4329 

80 

1*0227 

5 

OO55T 

31 

0*1733 

56 

0*4488 

81 

1*0560 

6 

0*0576 

3 ^ 

0*1810 

57 

O' 4653 

82 

T’0915 

7 

00603 

33 

0*1883 

5 « 

0*4822 


1*1274 

8 

00630 

34 

0*1959 

59 

0*4997 

84 

1*1643 

9 

0*0659 

35 

0*2038 

60 

0*5178 

^5 

1*2023 

10 

00689 

3 ^> 

0*21 19 

61 

o' 53<54 

86 

1*2413 

11 

00721 

37 

0*2204 

62 

i o' 555<5 


1*2815 

12 

0*0753 

3 « 

0*2291 

63 

: o '5755 

88 

1 *3228 

13 

0*0788 

39 

0*2381 

64 

j 0-5959 

89 

I *3652 

1 *4088 

14 

0*0823 

40 

0*2475 

65 

1 0*6170 

90 

15 

0*0861 

41 

0*2571 

66 

j 0*6388 

91 


16 

1 

0*0899 

42 

0*2672 

67 

; 0*6612 

93 

17 1 

0*0940 

43 

0*2775 

68 

0-6843 

93 

1 ' 547 I 

18 

0*0982 

44 

0*2882 

69 

i 0*7081 

94 

1-5958 

’9 

0*1027 

45 

0*2993 

70 

1 0*7327 

95 

96 

1-6457 

20 

0*1073 

46 

0*3108 . 

71 

0*7580 

0*7841 

1*6971 

21 

0*1121 

47 

0*3226 

72 


1*^498 

1*8039 

22 

OTI71 

48 

0*3349 

73 

0*8109 

98 

23 

0*1223 

49 

0*3476 

74 

0*8386 

99 

1*^595 

24 

23 

0-127^ 

O' 1335 

50 

0*3607 

75 j 

0*8671 

100 

1*9170 

1 


This table is computed from Regnault^s experiments, and is 
taken from Dixon^s '^Treatise on Heat^^ (p. 257). 



819 


INDEX. 


Tlie numbers i., ii., iii., prefixed to those indicating the page show to 
which Part of tke work referciicie is made. 


Aoktal, iii. t37^ 

Acetamide, iii. 238 
Acetates, iii. 407 
Aeetification, iii. 134 
Acetomannitc, iii. 384 
Acetone, iii. 310 
Acetones, or ketones, iii. 310 
Acetonia (acetonino), iii. 312 
Acetonitrile, iii. 167 
Aeeturcido, iii. 617 
Acetyl, iii. i 3 r 
Acetylia, iii. 264 
Acetyliura, iii. 2(13 
Acid, Acetic, iii. 134, 403 
,, Accitmic, iii. 312 
,, Acetous, iii. 133 
,, Acoiiitic, iii. 342 
,, Acrylic, iii. 419 
,, Adi|)i(!, iii. 422 

,, Aldehydlc, iii. 133 
,, Ali/aric (plitkalic), iii. 520 
,, Allautmic, iii, 641 
,, Allituric, iii. 637 
, , AUopiianic (carbureic), iii. 1 76 

,, Alloxunic, iii. 634 
,, Aloetic, iii. 526 
,, Althionic, iii. T44 
,, Amalie, iii. 292 
,, Amidobenzoic (benzamic), iii. 463 
,, Ampelic, iii. 580 
,, Amygdalic, iii. 454 
,, Angelic, iii. 410 
,, Anilic (nitrosah^ylic), iii. 485 
,, Anisic, iii, 492 
,, .Anthranilic, iii. 535 
,, Antimonic, ii. 952 
,, Antimonious, ii. 952 
,, Apocrcnic, iii. 90 
,, Apoglucic, iii. 59 
,, Apophyllic, iii. 284 
,, ^Mshidic, iii. 392 
,, Arsenic, ii. 962 
,, Arsenious, ii. 960 
„ Aspartic, iii. 338 
,, Auric, ii. 1057 
,, hassic (stearic), iii. 393 
,, Benzamic, iii. 463 
,, Beuziiic, iii. 468 


Acid, Beii/oglycollic, iii, 472 
,, Benzoic, iii. 460 
,, Beijzolacti(r, iii. 473 
,, Benzo-Hnl[iho>pheuylamic, iii. 238 
,, Bicldorobntyric, iii. 401 
,, Bismiithic, ii. 974 
,, Bovacic, ii. 620 
,, Borofliioric tHuoboric), ii. 623 
,, Bromic, ii. 544 
,, Br<'iii(»s;ilicyiic, iii, 485 
,, Buti<‘, iii. 363, 392 
,, Butyric, iii. 399 
,, Caltcic, iii. 295 
,, (’ampliolic, iii. 450 
,, (Jarnplioraniif, iii, 230 
,, (Jumphoric, iii. 450 
,, Ca]>ivic, iii. 505 * 

,, Cu])ric (rutio). iii. 396 
,, Caimuc, iii. 397 
,, Caprylic, ni- .596 
,, Carbamic, iii. 244 
,, Carbnnilic, iii. 463 
,, (Jar))azotic (picric), iii. 57 r 
,, tlarbotliylic (carbovinic), iii. 146 
,, Carbolic (pbeni( 9 > iii. 568 
,, Carlwiiic, ii. 473 
,, Carl>oviui<. (carbetliylic), iii. 14O 
,, (>.irlmreic (allopluiuie), iii. C17 
,, Carminic, iii. 524 
,, Cere brie, iii. 685 
,, Cerotic, iii. 366 • 

,, Chluracetic, iii. 412 
,, Chlorhydric (hydrochloric), ii. 321 
,, Chloric, ii. 534 
,, Chlorocarbonic, ii. 54T 
,, Chlorocliromic, ii. 913 
,, Chloromolyl)dic, ii. 944 
,, Chlorosalicylie, iii. 485 
,, Chlorosalicylous, iii. 480 
„ Chlorostearic, iii. 394 
,, ChloTvJSulphuric, ii. 578 
,, Chlorous, ii. 537 

Ch loro Valeri sic, iii. 399 
Cholalic, iii. 703 
,, Choleic, iii. 705 
,, Cholesteric, iii. 708 
,, Cholic, iii. 703 
„ CholoidaiuCj iii. 705 


3 o 2 



Lcid, Choloidic, iii. 704 
,, Choloiiic, iii. 702 
‘Chromic, ii. 910 
,, Chrysammic, iii. 526 
,, Ohrysanilic, iii, 535 
,, Chrysolepic, iii. 526 
,, Chrysophanic, iii. 517, 538 
,, Cinnamic, iii. 476 
,, Citracoiiic, or Citribic, iii. 343 
„ Citric, iii. 33^ 

,, Cobalticyanic, iii. 598 
,, Colopholic, iii. 502 
,, Coraenic, iii. 344 
,, Coumaric, iii. 48^ 

,, Crenic, iii. 96 
,, Croconic, ii. 645 
,, Cuminic, iii. 473 
,, Cyamelnric, iii. 603, 604 
,, Cyanic, ii. 651 
,, Cyan! lie, iii. 606 
,, Cyanoxalic, iii. 632 
,, Cyan uric, ii. 652, iii. 605 
,, Dextroraceuiic, iii. 327 
,, Bialuric, iii. 637 
,, Biamidobenzoic, iii. 464 
,, Bilituric, iii. 637 
,, Binitroothylic, iii, 216 
' ,, Biuitroplienic, iii, 571 
,, BiplioHphethylio, iii. 147 
,, Bi«\ilphanilic, iii. 305 
,, DiBulphetholic, iii. ib. 

,, Bisulphethylic (ethionic), 145, 305 
,, Bisulphoberizolic, iii. 305 
,, Bisulphometholic, iii. ib. 

,, Bisulphonaplithalic, iii. 574 
,, Bisulphupropiolic, iii. 305 
Bisulphotritolic, iii. ib. 

,, BithioDic(hyposulphuric), ii. 577 

,, Boeglic, iii. 41 9 

,, Elaidic, iii. 421 

,, Ellagic, iii. 351 

,, Erucic, iii. 419 

,, Erythric, iii. 541 

Esculic (saponic), iii. 514 
,, Kthalic (palmitic), iii. 364 
,, Ethionic, iii. T45 
,, Etliylotrithiouic, iii. 216 
,, Ethylsulphil^ou.s, iii. T47 
,. Euxsinthic (purreic), iii. 518 
,, Evernesic, iii. 542 
, , Evernio, ib. 

,, Excretolic; iii. 720 
,, Ferric, ii. 895 
,, Ferridcyanic, iii.' 596 
,, Ferrocyauic, iii. 589 
,, Fluoboric (l»orofluoric), ii. 623 
,, Fluoric, ii. 553 
, , Fluosilicic (silicp^poric), ii. 6 1 8 

,, Formic, iii. 4I4 

,, Formobenzoylic (mandelic), iij. 439 
,, Fulminic, ii 652, iii, 607 
,, Fulminuric (isocyanuric) iii. 606 
,, Fumaric, iii. 335, 336 
,, Callic, iii. 3451 
ty Callgtannic, iii. 346 


Acid, Geic, iii. 95 
„ Glucic, iii. 59 
„ Glycocholic, iii. 702 
„ Glycollic, iii. 624 
Guaiacic, iij. 504 
,*, Hemipinic,*ilh 284 
„ Hippuric, iii. ^70 
,, Homolactic, iii. 624 
,, Humic, iii. g5 
,, Hydriodic, li. 548!* 

,, Hydrobromic, ii. 543 
,, Hydrochloric, ii. 521 
,,. Hydrocobalticyanic, iii. ^98 
,, Hydrocyanic, ii. 648 
„ Hydroferridcyanic, iii. 596 
„ Hydroferrocyanic, iii. 589 
,, Hydrofluoborie, ii. 623 
„ Hydrofluorioj ii. 55^3 
,, Hydrofluosilicic, ii. 618 
,, Hydromellonic, iii. 603 
,, Hydronitroprussic, iii. 596 
,, Hydropersulphocyanic, iii- 603 
,, Hydrosulpbocyanic, iii. 602 
,, Hydrosulphuric, ii. 580 
,, Hyocholalic, iii. 706 
,, Hyocholeic, iii. 7.06 
,, Hyocholic, iii. 706 
,, Ilypochloroua, ii. 529 
,, 'Hyponitric," ih 509 
„ Hyponitrous (nitrous), ii. 508 
,, Hypopbosphorous, ii. 603 
,, Hyposulphindigotw, iii. 530 
,,* Hyposulphuric, ii. 577 
,, Hyposulplin rolls, ii. 575 
,, Indigotic (anilic), iii. 485 
,, Iiiosic, iii. 682 
,, Insolinic, iii. 575 
,, Iodic, ii. 549 
,, lodosulphuric, ii. 579 
,, Isatic, iii. 535 
,, laethionic, iii. 143 
,, Isocyanuric (fulminuric), iii. 606 
,, Isotartaric, iii. 331 
,, Itaconic, iii. 343 
,, Kakodylic, iii. 223 
„ Kinic, iii. 352 
,, Kresylic, iii. 569 
„ Kynurenic, iii. 044 
,, Lactamic, iii. 244 
,, Lactic, iii 322 
,, Lsevoracemio, iii. 325 
,, Lantanuric, iii. 642 
„ Laurie, iii. 395 
,, Lecanoric, iii. 542 
,, Leucoturic, iii. 634 
,, Linoleic, iii. 360 
,, Lipic, iii. 422 
,, Litbic (uric), iii. 628 
„ Lithofellic, iii. 708 
„ Maleeic, iii. 335 
,, Malamio (aspartic), iii. 338 
,, Malic, iii. 334 
„ Mandelic, iii. 459 
,, Manganic, ii. 920 
„ Margaric, iii. 395 



. ACI 

Acid, Meconic, iii. 277, 343 
,, Melauuric, iii. 604, note 
,, Helassic, iii. 60 
,, Melissic, iii. 367 
,, Mellitic, ii. 645 
,, Mesaconic, iii. 343 
,, Mesoxalic, iii. 634 
,, Metacetonic (propionic), iii. 40 t 
,, Metagallie, iii. 350 
,, Metautimonic, ii. 953 
,, Metapectic, iii. 84 
,, Metaphosphoric, ii. 599 
,, Metaatannic, ii. 932 
,, Metamrtaric, iii. 331 
,, Metliionic, iii. 305 
,, Mimotannic, iii. 348 
,, Molybdic, ii. 942 
,, Moringic, iii. 419 
,, Moritannioy iii. 34*5, 516 
,, Mucic, iii. 69 
,, Muriatic, ii. 521 
,, Mykomelinic, iii. 634 
Myristic, iii. 395 
,, Myronic, iii. 498 
,, Naphtbalic (phtbalic), iii. 575 
,, Nitranisic, iii. 492 
,, Nitric, ii. 494 
,, Nitrobeuzoic, iii. 462 
,, Nitrobuiyric, iii. 40X 
,, Nitrocinnamic, iii. 477 
,, Nitrococcussic, iii. 525 
,, Nitrornuriatic, ii. 526 
,, Nitrophenamic, iii. 572 
,, Nitropropionic, iii. 403 
,, Nitrosalicylic, iii. 485 
,, Nitrosulpliuric, ii. 579 
,, Nitrous (hyponitrous), ii. 50S 
,, (Enanthic, iii. 172, 396 
,, CEiianthylic, iii. 397 
,, Oleic, iii. 420 
,, Oleophosphoric, iii. 686 
,, Opianic, iii. 284 
,, Orsellesic, iii. 543 
,, Osman- osraic, ii, 1076 
,, Osmic, ii. 1076 
,, Oxalethylic (oxalovinic), iii. 147 
,, Oxalic, ii. 642 
,, Oxalic, antidote for, ii. 643 
,, Oxaluric, iii. 617, 635 
,, Oxamic, iii. 244 
,, Oxyphenic, iii. 572 
. ,, Pahnic (ricinelaidic), iii. 362 
,, Palmitic, iii. 394 
,, Parabanic, iii. 617, 636 
,, ParamalsBic (fumaric), iii. 335 
,, Paramucic, iii. 69 
,, Parapectic, iii. 84 
,, Paia^rtaric (racemic) iii. 333 

,, iMrinmionic, iii. 144 
„ Parellagioj^iii. 352 
,, Parellic, iii. 543 
,, Pectic, iii. 84 
,, Pectosic, iii. 85 
,, Pelargonic, iii. 396 
,, Pentathionic, ii. 578 
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Acid, Percldoric, ii. 536 
,, Periodic, ii. 551 
„ Permanganic, ii. 921 
,, Pheuic (carbolic), iii. 568 
„ Pbocenic (valeric), iii. 398 
,, Pbosphethylic, iii. 147 
,, Phospho-glyceric, iii. 378 
,, Phosphoric, ii. 596 
,, Phosphoric, tribasic, ii. 598 
,, Phosphorous, ii*6o2 
,, PhosphO'Viiiic, iii. 147 
,, Phthalic, iii. 575 
,, Phj'setoleic, iii. 419 
,, Picramic, iii. 572 
,, Picric (carbazotic), iii. 571 
,, Pimaric, iii. 502 
,, Pimelie, iii. 422 
,, Piuic, iii. 502 
,, Propionic (propylic), iii. 401 
,, Prussic (hydrocyanic';, ii. 648 
,, Pulmonic or pncuiuic, iii. 707 
,, Piirreic (euxanthic), iii. 518 
,, Pyrocitric, iii. 343 
,, Pyrogallic, iii. 350 
,, Pyrogallic photograpljic uses, ii. i 
,, Pyroligneous, iii. 403 
,, Pyromaric, iii. 502 
,, Pyromecouic, iii. 344 
,, Pyromucic, iii. 69 
,, Pyrophosphoric, ii. 599 
,, Pyroracemic (]>yi*uvic), iii. 332 
,, Pyrotartaric, ib. 

,, Pyruvic, ih, 

,, Quadrichlorobutyric, iii. 401 
,, Querci tannic, iii. 345 
,, Quinotnnnic, ib. 

,, Kacemic (paraUirtaric), iii. 333 
,, Rhodizonic, ii. 645 
,, Ricinelaidic, iii. 362 
,, Ricinolic, iii. 362 
,, Ruberytbric, iii. 521, note 
,, Rubiacic, iii. 522 
,, Rufigallic, iii. 352 
,, Rutic (capric), iii. 396 
,, Baccharic, iii. 68 
,, Salicylic, iii. 482 
,, Salicylous, iii. 479 
,, Salicyluric, iii. 489 
,, Sapouic (eaculic), iii. 514 
,, Sebacic, iii. 423 
,, Selenic, ii. 589 
,, SeleniouH, ii. 589 
,, Sinapic, iii. 497, note 
,, Silicic, ii. 6 r r 
• ,, Silicufluoric, ii. 6t8 

,, Stannic, ii. 933 
,, Stearic, iii. 392 
,, Stil])ylic (benzilic), iii. 468 
„ Styphnic, iii. .572 
„ Suberic, iii* 423 
,, ISucciiiamic, iii. 242 
,, Succinic, iii. 424 
,, Sulphacetic, iii. 304, 413 
. „ Sulpha] ly lie, iii. 494 

1 ,, Sulpbamic, iii. 244 


140 



ACI 


822 


ALB . 


Acid, Sulpliamylic, iii. 14 J 
,, Sulphanilic, iii. 257, 305 
,, , Sulphantimonic, ii. 956 
,, S\ilphantimoni(ni8, ii. 955 
,, Sulpharsenic, ii. 963 
,, Sulphethylic (sulphovinic) iii. 142 
,, Sulphethylolic, iii. 147 
,, Su]phindy]ic(sulpliitidigotic), iii. 530 
,, Sulphobenzoic, iii. 304 
,, Sulphobenzolk, iii. 305 
,, Sulphobutyric, iii. 304 
,, Sulj)hocaprylic, or sulphoctylic, iii. 

129 

,, Sulphocarbethylic, iii. 146 
,, Sulphocetylic, iii. 365 
,, Sulphocyanic, iii. 602 
,, Sulpboglyceric, iii. 378 
,, Sulphohamathionic, iii. 518 
,, Sulpholeic, iii. 374 
,, Sulphomannitic, iii. 70 
,, Sulpbomotliylic, iii. 146 
,, Sulphonaphthalic, iii. 304, 574 
,, Sulpkopalraitic, iii. 374 
,, Sulphopropionic, iii. 304 

Sulpbopurpuric (sulpkophenicic), iii. 

,, Sulpborufic, iii. 486 
,, « Sulpbusaccharic, iii. 59 
,, Sulpliostearic, iii. 374 
,, Sulphosuccinie, iii. 426 
,, Sulpbotetrylic, or sulpbobutylic, iii. 

127 

,, SulphothymyJic, iii. 447 
,, Sulphotritylic, iii. 14 r 
,, Sulphovinic, iii. 142 
,, Sulphoxyphosphoric, ii. 607 
,, Sulphuric, ii. 566 
Sulphurous, ii. 562 

,, Sulphurous, liquefaction of, ii. 564 
,, Sylvie, iii. 502 
,, Tannic, iii. 345 
,, Tartaric, iii. 325, 327 
,, Tartralic, iii. 332 
,, Tartramic, iii. 244 
,, Tartrelic, iii. 332 
,, Tartrethylic, iii. 147 
,, Tanrochulic, iii. 705 
,, Telluric, v, 971 
,, Tellurous, ii. 971 
,, Terebenzic, iii. 443 
,, Terebic, iii. 302 
,, Terechrysic, iii. 443 
,, Terephthalic, iii. 443 
,, Teretinic, iii. 443 
,, Tetrathionic, ii. 578 
,, Thiacetic, iii. 413 
,, Thioformic, iii. 414 
,, Thionaphtic, iii. 574 
,, Thionuric, iii. 638 
„ Titanic, ii. 939 
„ Toluic, iih 475 
,, Trichloracetic, iii. 412, 

,, Trithiimic, ii. 577 
,, Tungstic, ii. 946 
,, Uliaic, Ui. 95 


Acid, Uric (lithic), iii. 628 
,, Uroxanic, iii. 629, note 

„ Usnic, iii. 538 

,, Vaccinic, iii. 363 

,, Valeric, iii. 398 

«„ Vanadic, ii. 948 

„ Xanthic (carbo-sulphethylic), iii. 14^ 
Acids, action upon salts in solution, ii. 1084 
„ ami(htted, iii. 230, 243 

,, anilidated, iii. 257 

,, compound (colligated), iii. 303 
„ dibasic, ii. 712, iii. 319 
„ general characters of, ii. 703 
,, monobasic, ii. 712, iii. 318 
,, lOiitro, iii. 306 
„ nomenclature of, ii. 431 
,, oleic, series of, iii, 417 
,, organic, action of chlorine on, iii. 308 
„ ,, of k»at on, iii. 307 

,, ,, ,, and bases on, iii. 309 

„ „ theory of, iii. 319 

,, oxalic series of, iii. 422 
,, polyhasie, ii. 712, iii. 319 
,, stearic or acetic series of, iii. 387 
,, sulpho, iii. 304 

,, tribasic, ii. 713 

Aconitina, iii. 290 
Acrolein, iii. 385 
Adhqpion between liquids, i. 67 

,, general characters of, i. 33, 56 
,, its influence on affinity, ii. 1096 
,, influence of suriace on, i. 63, 
ii. 1096 

,, of gases to liquids, i. 77 
,, of gases to solids, i. 78 
Adularia, ii. 830 
Aeration of water, i. 77 
Aliinity, chemical, i. 5, 8, 12, 33 
,, counteracted by heat, ii. 1107 
,, exalted by heat, ii. 1106 
,, its suspension at low tempera- 
tures, ii. 1108 

,, simple cases of, ii. 1079 
After-damp, ii. 634 
Agate, ii. 61 r 

Air, composition of, at different places, ii.453 
,, dissolved in water, composition of, ii. 

454, 477 

,, downward pressure of, i. 45 
,, gauges, for condensed gases, i. 255 
„ heat absorbed during rarefaction of, i. 

214 

, , heat disengaged by compression of, i. 2 1 3 
,, pump, with single barrel, i. 38 
‘ ,, with two barrels, i. 38 

,, quantity dissolved in water, how 
ascertained, ii. 459 
„ thermometer, i. 170 
,, weight of 100 cub. in. of^“Sl7*453 
Alanine, iii. 624 « 

Albite, ii. 830 
Albumen, iii. 652 
Albuminates, iii. 654 
Albuminized plates for photography, ii. 
U41 
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Albuminoid oompounSs, iii. 645, 647 
Alcoatefi, iii. 12 1 
Alcohol, iii. 118 

,, absolute, iii. 122 
,, allylic, iii. 494 

,, araylic, iii. 128 

,, benzoic, iii. 465 
,, butylic (tetrylic), iii. 127 

,, caproic (hexylic), iii. 128 

,, caprylic (ocfcylic), iii. 129 

. ,, cerylic (cerotiii), iii. 366, note 

,, cetylic, iii. 364 
,, cinnamic, iii. 477 

,, co|ipressibility of, i. 34 
„ cuminic, iii. 474 

,, clastic force of vapour und«r great 

pressures, i. 255 
,, ethylic (ordinary), iii. 119 
,, heat evolved by combustion of, iii. 
, 794 * 

,, hexylic (caproic), iii. 128 

,, latent heat of vapour, i. 231 

,, lauric, iii. 419 

,, melissic (melissin), iii. 366 

,, methylic, iii. 125 

,, octylio (caprylic), iii. 129 

,, propylic (tritylic), iii. 126 

,, specific gravity of different 

strengths, iii. 814, 815 
,, synthesis of, iii. 122, 144 , 

,, tetrylic (butylic), iii, 127 

,, tritylic (propylic), iii. 126 

,, vapour, volume of, i. 233 
,, vinic (ordinary), iii. 119 
Alcohols, action of acids upon, iii. 140 
,, aromatic, iii. 429 

,, collateral series of, iii. 28 

,, general properties of, iii. 118 
,, polyatomic, iii. 431 

,, review of, iii. 427 

Alcohol-compounds of antimony, iii. 225 
,, ,, arsenic, iii. 219 

* ,, metals, iii. 213 

,, ,, zinc, iii. 216 

Aldchyd, iii. 131 

,,, acetic, iii. 131 

,, acrylic (acrolein), iii. 385 

,, benzoic (essence of bitter al- 

monds), iii. 456 
,, butyric, iii. 138 

,, capric (ruti' \ iii. 139 

,, caproic, iii. 130 

cinnamic (essential oil of cinna- 
mon), iii. 475 

cuminic (oil of cummin), iii. 473 
,, formic, iii, 138 

,, oenanthylic, iii. 139 

,, propionic, iii. 138 

«^^^utic (oil of rue), iii. 139 
T^valeric, iii. 139 
Aldehyd -ammonia, iii. 132 
Aldehyds, general properties of, iii. 1 30 
,, series of, iii. 30 

Algaroth, powder of, ii. 957 
Alizarin, iii. 519, 520 


Alkalies, gencitd characters of, i. 6 
Alkalimetry, method of neutvalimtion, ii. 

7 .S 8 

,, method of Will and Fresenius, 

ii. 740 

* Alkarsin (kakodyl), iii. 221 
Allantoin, iii. 640 

I Allotropic modifications of carbon, ii. 4S9 
,, of phosphorus, ii. 593 
,, of sulphur, ii. 560 
Allotropy, i. 112 
' Alloxan, iii. 633 
Alloxantin, iii. 636 
Alloys, general properties of, ii. 673 

,, inferior to pure metals as electrical 
conductoA, i. 362 
Allyl, iii. 493 

,, bromide of, iii. 495 
,, • chloride of, iii. 495 
,, iodide of, iii. 377, 495 
,, oxitle of, iii. 494 
,, sulphide of, iii. 496 
,, sulphocyanide of, iii. 497 
Allylia, iii. 500 
A Hylic serie.s, iii. 500 
Aloes, extract of, iii. 525 
A loin, iii. 536, 

Alum, ii. 822 
,, varieties of, ii. 825 
Alumina, ii. 818 

,, acetates of, iii. 408 

,, estimation of, ii. 839 

,, hydrates of, ii. 819 

,, ,, soluble, iii. 409 

,, phosphates of, ii. 826 

,, silicates of, ii. 826 

,, soluble form of, ii. 820, iii. 4 09 
,, sulphates of, ii. 822 

,, tests for, ii. 838 

Alurninite, ii. 826 
Alurniiium, ii. 816 

,, chloride of, ii. 820 

,, fluoride of, ii. 822 

Amalgam for the eh^ctrical machine, , 8 
Amalgamation, extraction of silver by, ii. 

1026 

, , American process of, ii. 10? 8 

,, of zinc, voltaic use of, i. 316 
Amalgams, ii. 674 
Anmrine (benzoline), in. 263 
Amber, iii. 505 
Arablygonite, ii. 826 
Amianthus, ii. 809 
Amides, preparation of, iii. 233 
,, theory of, iii. 234, 243 
,, varieties of, ii. 772, iii. 228, 239 
Amidogen,*ii. 516 
Ammelid, iii. 604 
Ammelinc, iii. 604 
Ammonia, ii. 5 ^^ 

,, actmn upon metallic salts, ii. 780 
carbonates of, ii. 77^ 

,, conversion of into nitric acid, 

ii. 5 1 1 

„ estimation of, ii. 784 
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Ammonia, liydrosulpliate of, ii. 776 

,, Kane’fl theory of, ii. 782 

,, muriate of, ii. 776 

„ nitrate of, ii. 778 

phosphates of, ii, 779 
, , proportion of, in the atmosphere, 

ii. *;ii 

,, proportion of, in rain -water, 
ii. 511, note 

,, solution of, table of densities, 

ii- 514 .. 

,, sulphate 01, ii. 778 

,, tests for, ii. 783 

Ammoniated salts, ii. 780 
Ammon ides, ii. 772 

Aminonio-citrate of iron*, photographic use 
of, ii. 1142 

Ammonium, ii. 516, 774 

,, amalgam of, ii. 775 

,, sulphides of, ii. 775 

Ampelin, iii. 580 
Amphibole, ii. 809 
Amygdalin, iii. 454 
Amyl, iii. 195 
Amylerie, iii. 191 
Auiylia (amylamine), iii. 212 
Analciine, ii. 830 

Analysing plate for polarized’! ight, i. 154 
Analysis, proximate, of organic compounds, 
* iii. 6 

,, ultimate, of ditto, iii. 9 
Aiiatase, ii. 939 
Anhydride, acetic, iii. 406 

,, benzojicetic, iii. 463 
,, benzoic, iii. 462 
,, ^ salicylic, iii. 485 
Anhydrides of organic acids, iii. 314 
,, double, iii. 316 
, simple, iii. 315 
,, of dibasic acids, iii. 317 
Anhydrite, ii. 800 
Anhydrous compounds, what, ii. 458 
Anilides, lii. 257 
Aniline (phenylia), iii. 255 
Animal electricity, i. 411 
Animal heat, origin of, iii. 752 
Anions and Cathions, ii. 1x14 
Ainshydramicle, iii. 491 
Auisidine, iii. 492 
Anisine, iii. 491, 5fo 
Anisolc, iii. 492 
Anisyl, iii. 4^1 

,, chloride of, iii. 492 

,, hydride of, iii. 491 

Aniiaito, iii. 517 

Anthracene, (paranaphthalin) iii. 579 
Anthracite, iii. 99 • 

Antimony, ii. 949 

,, alcohol compounds of, iii. 225 

,, alloys of, ii. 950 

,, chlorides of, ii. 

,, estimation of, *n. 958 « 

„ how freed from arsenic, ii. 951 
,, oxides of, ii. ^52 

sulphides of, li. 955 
i« tests for, ii. 957 


Apatite, ji. 805 ^ 

Apjohn’s formula for wet bulb hygrometer, 
i. 25Q 

Aposepedine (leucine), iii. 625 
Aqua regia, ii. 526 

Aqueous vapour, « determination of, in air, 

‘ ii. 454 

,, table of elastic force of, 

iii. 818 

Arabin, iii. 83 
Aragonite, ii. 801 

Arago’s electro-magnetic rotations, i. 403 

Arbor Dianao, ii. 1048 

Arbutin, lii. 512 

Archil, iii. 539 

Arctuvin, iii. 5x2 

Areometer, i. 31 

Argol, iii. 329 

Aricine (cinchovatine) iii. 276 
Arrowroot, iii. 73, 78 • 

Arseniates, ii. 962 
Arsenic, antidote for, ii. 965 
,, bromide of, ii. ib. 

,, chloride of, ii. ib. 

,, extraction of, ii. 959 

,, fluoride of, ii 965 

,, iodide of, ii. ib. 

,, properties of, ii 960 

,, sulphides of, ii. 902 

,, , tests for, ii. 965 

,, white, ii. 960 

Arsenicum, ii. 960 
Arseniodiethyl, iii, 223 
Arseiiiodimethyl (kakodyl), iii. 219 
Arseiiiomethyl-ethylium, iii. 224 
Arseni otetreihyliiim, oxide of, iii. ib. 
Arseniotriethyl, iii. ib. 

Arseniotri in ethyl, iii. ib. 

Arseniuretted hydrogen, ii. 964 
Asbestos, ii. 809 

Ashes, quantitative estimation of, in or- 
ganic compounds, iii. jq 
A sparagin, iii. 337 
A&idialt, ill. 97, 581 
Assay of gold, ii. 1054, et aeq. 

„ indigo, iii. 533 
,, lichens, iii. 540 

,, silver, ii. 1032, et aeq. 

Assimilation, primary, iii. 743 

,, secondary formative, iii. 743 

,, secondary destructive, iii. 744 

Astatic galvanometer, i. 320 
Atacamitc, ii. 988 

Athermancy, i. 204 * 

Atmosphere, composition of, ii. 452 

„ compound nature of, ii. 438 

„ density of, at different alti- 

tudes, i. 50 

,, Dumas and Bou s^nga ult*8 

analysis of, ii. 453*“^ 

,, elasticity of, i. 36, et aeq. 

„ Lavoisier^s analysis of, ii. 439 

,, pressure oi^ i/46 

,, probable limit of, i. 52 

, , Kegnault’s analysis of, ii. 45 3, 

note 
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Atomic heats, iii. . 784 

)t of elements, iii. 785 

„ of compounds, iii. 787 

„ theory of Dalton, i. 14, iii. 757 
, , volumes of compound gases, iif. 760 
y* ft liquids, iii. 776 

yy ,i solids, iii* 768 

M elementary solids, iii. 

763 

. M ^ gaseous elements, iii. 759 

f, influence of isomorphism 
and dimorphism upon,* 
iii. 766 

influence of temperature 
upon, iii. 767 

,, weights, i. 21 • 

Atoms, i. 5, iii. 758 
Attraction, adhesive, i. 33, 56 

„ capillary, i. 59 

,, chftnical, i. 5, 12, 33 

,, cohesive, i. 5, 33, 52 

), electrical, i. 273 

,, of gravitation, i. 24 
,, magnetic, i. 264 

,, varieties of, i. 5 

Atropia, iii. 290 

Audibility, limits of, i. 210, note 
Augite, ii. 809 
A urates, ii. 1057 

Aurora borealis, i. 314 • 

,, its influence on the mag- 
netic needle, i. 315 
Axes of crystals, i. 100 
Axial magnetic position, i. 416 
Azobciizide, iii. 567 
Azobenzoyl, iii, 465 
Azolitmin, iii. 539^ 

Azote, ii. 440 
Azoxibeuzide, iii. 567 

Balance, its essential parts, i. 26 
Baldwin’s phoBphonis, i. 140 
Balsam of Canada, iii. 505 

,, capivi, iii. id. 

,, Peru, iii. 478 

„ ^ tolu, iii. 479 

Barilla, ii. 749 
Barium, ii. 785 

,, chloride of, ii. 787 

,, peroxide of, ii, 786 

„ silicofluori of, ii. 787 

,, sulphide.s of, ii. 786 

Barometer, i. 44 

capillary depression of mercury 
in, i. 62 

,, measurement of heights by, 

i. 51 

Baryta, ii. 785 

.. ..carbonate of, ii. 788 

estimation of, ii. 789, 813 
,, nitrate of, ii. 788 

,, sulphate of, ii. 787 

,, tests for, ii. 789 

Baryto-calcite, ii. 802 
Basalt, ii. 830 


Bases, action upon salts in .solution, ii. 1086 
,, amidogen, iii. 205 
,, aniline series of, iii. 258 
,, from ammonia, iii. 44, 198 . 

,, ,, ammonium, iii. 199 

,, ,, aniline, iii. aor, 257 

,, ,, cinchona, iii. 270 

„ ,, opium, iii. 276 

yy if Tapper, iii. 286 

,, ,, phosphuretted hydrogen, iii. 

207 • 

,, ,, strychnos, iii. 287 

,, general nature of, i. 7, ii. 703 
,, iuiidogen, iii. 205 
,, nitrile, iii. ^16. 

,, organic, clas.sification of, iii. 205 
,, pyridine serie.s, iii. 259 
,, pyrrol, iii, 262 
,, quinoline seric.s, iii. 261 
,, table of artificial, iii. 206 
,, volatile oily (natural), iii. 265 
Bassoriu, iii. 83 
Beats in musical notes, i. 142 
Becqucrcrs simple voltaic ircuits, i. 334 
,, nitric acid and potash battery, 

. . i- 3.^5, h. H17 
Bees’ -wax, iii. 305 
Bell metal, ii. 930 
Benzamide, iii. 239 
Bciizhydramide, iii. 465 
Benzidam (aniline), iii, 255 
Benzidine, iii. 56s 
Benzilam, iii. 469 
Bcuzile, iii. 468 

,, chloride of, iii. 469 
Benzilimidc, iii. /7>. 

Benzimide, iii. 460 
Benzine (benzole), iii. 564 
Benzoate of methyl salicyl, iii. 485** 
Benzoates, iii. 461 
Benzoene (toluole), iii. 479, 565 
Beuzo-etber. iii. 467 
Benzo-glycollates, iii. 473 
Benzoic alcohol, iii. 466 

,, hydrides of benzoyl, iii. 459 

„ series, iii. 453 

Benzoicin, iii. 380 
Benzoin, gum, iii. 460 
Beiizoinam, iii. 469 0 
Beuzoinamide, iii. 

Benzoine, iii. 467 
Benzole (benzine), iii. 564 
Benzoline (amarine), iii. 263 
Benzolone, iii. 464 
Benzonitrauisamide, iii. 493 
Benzonitrile, iii. 239 
Benzophenone, iii. 565, note 
Benzostilbine, iii. 464 
Benzosulphophenylamide, iii. 237 
Benzosulphophenylargentamide, iii. 237 
Benzoyl, bromide of, iii. 459 

•„ chloride of, iii. 457 

,, cyanide of, iii. 459 

,, sulphide of, iii. 458 

Benzoyl-helicin, iii. 489 
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Benzoylic azotide, iii, 465 
Benzoyl-salicylainide, iii. ^37 
Benzureide, iii. 617 

Berth olljBt’s theory of the effect of mass on 
affinity, ii. 1090 
Beryl, ii. 839 
Beta»orciii, iii. 544 
Bezuars, ellagie, iii. 351 
,, lithofellic, iii. 708 
Biehlorhydrin (dii-liloiiiydrin), iii. 382 
/’iclilorisatin (dichlorife»liii), iii. 536 
Bichromate of potash, a source of oxygen, 
ii. 444 

Biethylin (diothylin), iii. 383 
Bile, colouring matter <jf, iii. 709 
,, derivatives of, table^of, iii. 709 
,, nature of, iii, 701 
,, of fishes, iii. 705 

,, of ox, iii. 70‘2 

,, Ptetfenkofer’s test for, iii. 70+ 
n of pig, iii. 706 

,, of serpents, iii. 705 

Biliary calculi, iii. 708 
Bili\erdin, iii. 709 

Binary compounds, nomenclature of, ii. 430 
,, theory of salts, ii. 704 
,, ,, objections to, ii. 707 

Bisethyl, oxide of, iii. 214 
Bii^muth, ii. 972 

,, chloride of, ii. p74 
,, - estimation of, ii. 975 
,, iodide of, ii. 974 
,, nitrates of, ii. 974 
,, oxides of, ii. 973 
,, sul])hide of, ii. 974 
,, tests for, ii. 975 
Bistearin (distearin), iii. 381 
Bistriethyl, iii. 214 
Bisuccf .namide, iii. 242 
Bisulphide of carbon, ii. 586 

,, in electro plating, use 

of, ii. 1130 

Bisulphisathyd, iii. 537 
Bitter almonds, iii. 454 
Bitumen, iii. 97, 581 

,, of Judjea, photographic uses of, 
ii. 1141 
Biuret, iii. 617 
Bixin, lii. 517 , 

Black ash, ii. 750 
,, band, ii. 872 
,, flux, iii. 329 
,, lead, ii. 483 

Blanching of vegetables, ii. 1133 
Blast furnace, ii. 873 

,, gases produced by, ii. 875 
Bleaching compounds of chlorine, ii. 531 
Blonde, ii. 849 
Blood, iii. 686 
,, coagulation of, iii. 687 

,, composition of. iii, 689 

,, colouring matter ot) and effects^ of 
” gase-s, &c., upon, iii. 693 

, , crystals from, iii. 692 

Blo^\pipe, mouth, ii. 639 


Blowpipe, oxyhydrogen, iv 471 
Blue dyes, iii. 527 
Bog iron ore, ii. 872 
Bolling point of'acids, iii. 780 
y, alcohols, iii. 779 

y, aldehyds, iii. tb. 

if alkaloids, iii. 782 

,, causes of its variation, i. 222 

,, of ethers, iii. 780-81 

,, influence of adhesion on, i. 223 t 

,, ,, presjsure on, i. 2 2 5 

y, ,, solution on, i. 224 

„ Kopp’s law of, iii. 778 

,, of motameric co^ipounds, 

iii. 782 

# of liquids under diminished 
pressure, i. 225 

, , table of, i. 2 2 2, iii. 7 79, cf sc^. 

Bole, li. 829 

Bone, components of, iii. 67(1 
,, earth, ii. 804 
Boracite, ii. 809 
Borates, ii, 622 
Borax, ii. 756 
Borneene, iii. 451 
Borneo camplior, iii. ib. 

Boron, ii. 619 

,, chloride of, ii. 622 

,, fluoride of, ii. 623 

,, nHride of, ii. 624 
,, sulphide of, ii. 622 
Boucher ic, his process for preserving wood, 
&c., iii. 95 

Brain, components of, iii. 685 
Bran, composition of, iii. iii 
Brandy, iii. 123 

Brard’s process for testing building Btone«., 
ii. 804 

Brass, ii. 983 
Braunite, ii. 918 

Brazil wood, colouring matter of, iii. 523 
Bread, composition of, iii, 1 1 3 
,, its nutritive value, iii. 737 
,, leavened, iii, 1 14 
,, lime water, use of, in, iii. 115 
,, new and stale, iii. 116 
,, unformented, iii. 114 
Brezilin, iii. 523 
Britannia metal, ii. 930 
Brittleness, i. 54, ii. 066 , 670 
Brochautite, ii. 989 

Brodie, experiments on catalytic actions, 
ii. IT04 

Brumal, iii 185 
Bromides, ii. 544, 700 
Bromine, ii. 541 * 

,, chloride of, ii. 545 
Bronaphtase, &c., iii. 577 
Bronze, ii. 930 
Brookite, ii. 939 

Broth, Liebig’s mode of preparing, iii. 684 

Brown coal, iii. 98 

Brucia, iii, 288 

Brunswick-green, il. 987 

Buddie, for ‘washing ores, ii. 683 
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BuikUng stonos, ii. 804 
Bunsen, experiments on the influence of 
mass on affinity, ii. 1094 
Burgos lustre, ii. 1058 
Butter, iii. 363, 695 
,, of tin, ii. 936 

Butyl, obtained by electrolysis, ii. *1120, 
iii. 390 

,, (tetryl, or valyl), iii. 195 
Butylene, or oil gas, ii. 642, iii. 190 
Butyral, iii. 138 
Butyramide, iii. 239 
Butyrates, iii. 400 
Butyria%tetrylia), iii. 212 
Butyric fermentation, iii. 401 
Butyrone, iii. 31 1 
Butyrureide, iii. 617 

CACoTiiELiNij^ iii. 289 
Cadet’s fuming liquor, iii. 221 
Cadmium, ii. 851 
Caffeine (theine), iii. 291 
Caffeoinurexid, iii. 293 
Cagniai*d de Latour, experiments on con- 
densed vapours, i. 256 
Calamine, ii. 850 

Calc spar, rings of colour in polarized liglit, 
i. 156 

Calcareous waters, purification of, ii. 803 
Calcedony, ii. 611 • 

Calcium, ii. 791 

,, chloride of, ii. 799 

,, fluoride of, ii. 799 

,, phosphide of, ii. 798 

,, sulphides of, ii. 797 

Calculi, biliary, iii. 708 
,, urinary, iii. 715 
Calico printing, iii. 548 
Calomel, ii. 1015 
Calorific equivalents, iii. 789, 803 

,, ,, indirect method of 

estimating, iii. 797 
Calorimeter, water, of Fa\r(', iii. 792 
,, mercurial, iii- 799 
Calotype process, ii. 1 1 36 
Camphene, iii. 441 
Camphilenc, iii. 441 
Camphine, iii. 439 
Caniphogens, iji. 437 
Camphor, Borneo, iii. 451 
,, cubehs, 11. 445 

,, lavender, iii. 449, 4 5 "2 
,, laurel, iii. 449 

,, matricaria, 449 

,, i)eppermint, 447 

,, turpentine, 442 

Camphors, artificial, iii, 437, 44* 
Camphorimide, iii. 231 
flswidfP flame, structure of, ii. 638 
Candles, stearic, preparation of, iii. 373 
Cannel coal, iii,. 98 
Canton’s phosphorus, i. 140, ii. 797 
C'loutehene, iii. 507 
Caoutchine, iii. 507 
Caoutchouc, iii. 506 


Caoutchouc of oils, iii. 360 

,, its faculty of adhesion, i. 57 
Capillary action, i. 59 

„ depression of mercury, i. fi 
,, tubes, flow of liquids through, i. 74 
Caproyl (hexvl), iii. 196 
Caproyleue (hexylene), iii. 191 
Caprylcne (octylene), iii. 191 
Caprylia (octylia, caprylainine), iii. 212 
Cnpsicine, iii. 286 
Caramel, iii. 57 • 

,, sp. gr. of solutions of, iii. 109 
Carbamide, ii. 541, iii. 173, 609 
(’arbazotaics, iii. 572 
Carbon, antiscuj^c ju*opci*ty of, ii. 487 
,, average amcuint evjured dail^ by 
mail, iii. 74S 
,, bi.S!il}>hidc (tf, ii. 586 
,, cbloi'ides of, ii. 540 
,, its extraction from carbonic i."i<l. 
ii. 479 

,, vegetables, the great storehouse of, 
ii. 4S1 

Carbonates, atomic voln . *'8 of, iii. 772 
,, general properties of, ii. 480 
Carbonic acid and ether, a])pli(’ation of, to 
the produetion of intense 
cold, i. 2=13 

,, ap)»aratus »)f Liebig for d^nev 

mining, ii. 455 

,, average daily produce in 

man, iii. 750 

,, d(‘composedl>ygrou ingplants 

ii. 481, 1 133, iii. 726 
,, extinction of coal mines l*y, 

ii. 479 

,, its importance as a natural 

solvent, ii, 47,^ 

,, Ihimd'action »»f, i. 2,^, ii. 474 

,, more produced pr(»portion- 

ately by small than huge 
animals, iii. 753 

,, ])rccautions for breathing in 

an atmosphere containing 
it, ii. 479 

,, preparation of, ii. 473 

,, pre.sent in the air, ii. 473 

,, properties of, ii. 474 

,, quanti^l/y of, in atmosi>lici\, 

»»• 45 . “i 

,, sources of, ii. 176 

,, synthesis of, ii. 488 

,, whence derived in spring 

waters, ii. 476 

Carbonic oxide, jirepanition and properties 
of, ii. 490 

,, its production in furnaces, 

• ii. 491 

Carburets or carbides, ii. 487, 702 

Carbyle, sulphate of, iii, J45 

Carinidine, iii. 580 

Carmine, iii. 524 

Carthamin, iii. 524 

Cartilage, iii. 681 

Car V cue, iii. 444 
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(Jkrvole, iii. 445 
Caryophyllin, iii. 44;} 

Casehardoniiig, ii. 889 
Casein, iii. 66? 

Caseous oxide (leucine), iii. 625 
Cast iron, ii. 879 

,, malleable, ii. 881 
Castor oil, iii. 361, 423 
Catalysis, ii. 1099 

,, Liebig’s theory of, ii. 1100 
,, Mercer’s thecAy of, ii. iro2 
Catechin, iii. 348 
Catechu, iii. 348 
Ccdriret, iii. 5.55 
C’ellulose, iii. 85 • , 

Ceiuentation of steel, ii. 885 
Cements, i. 58, ii. 793, 801 
,, different fontfs of, i. 58 
,, principle of their use, i, ib. 

Cereiie, iii. 367 
Corite, ii. 843 
C’erium, ii. 843 
Cerolein, iii. 365 
Oerotiu, iii. 366 
Celene (cetyl enc), iii. 364 
Cetiii, iii. 364 
Chalcolite, ii 867 
Charcoal, ii. 486 

. , , its power of absorbing gases, i . 79 
,, surface actions of, i. 64, ii. 4^8 
Cheese, iii. 663 

,, from peas and beans, iii. 664 
Chemical action, attends voltaic action, i. 323 
,, affinity, a very powerful force, i. 8 
,, ,, its nature, i. 5, 12, 33 

,, ,, exerted within minute i 

dist4ances only, i. 8 ! 

,, ,, its intensity delinite, i. 9 

,, ,, occurs between dissimilar 

bodies, i. 8 

,, ,, produces change lr> pro- 

perties of coinp<.^ouds, 
i. 9, 12 

,, ,, varies between dihorent 

element'-, i. 9 
,, analysis, its object, i. 5 

,, ,, qualitative and quanti- 

tative, i. 5 

combination, t poutaneous or not, 

i. I [ 

,, equivalents, i. 19 

,, ,, of elements, data for 

fixing, ii. 1153, 

€t Hcq. 

,, ,, of elements, table of, 

i. 17, ii. 1161 
,, nomenclature, ii. 429 

,, and physical properties, i. 2 

Chemistry, inorganic, iii. 4 
,, its object, i. i 
,, organic, iii, 4 
„ physiological, iii. l 
Oncssylite, ii. 990 

Chinese porcelain, composition of, ii. 832 
,, wax, iii. 366 


• Chitin, iii. 680 
Chlonaphtase, &c,, iii. 577 
Chloral, iii. 183 

Chloranile (perchlorokinono), iii. 354 
Chloraniline, iii. 41, 257 
Chlorate of potash, decomposition by heat, 
ii- 44.^, 5,36 

,, decomposition of, aided 

by mixture with metal- 
lic oxides, ii. 443, 1 102 

Chlorates, ii. 535 
Chlorhydrin, iii. 382 
Chlorhydromannite, iii, 385 
Chlorides, atomic volume of, iii. 7^0 

,, estimation of chlorine in, ii. 699 
,, 'ibrmation of, ii. 698 

,, metallic, general properties of, ii. 

520, 697 

Clilorimetry, ii, 533 ^ 

Chlorinated fatty acids, iii. 389 
Chlorindin, iii. 538 
Chlorine, estimation of, ii. 699 

,, oxides of, ii. 529 

,, peroxide of, ii. 537 

, , properties of, i i . 517 

,, substitutions forhydrogen, ii. 632 
iii. 45 

,, use in Ideaching, ii. 518, 532 
Cblorisatiii, iii. 536 
Chlorite, h. 831 

Chhn-obenzoie (hydride oft hlorobenzoyl), iii. 
457 . 

Chlorociiinose, iii. 

(Uiloroform, iii. 186 
(Jhloronitric gas, ii. 526 
Chloronitrous gas, ii. 528 
Cl)loroi»hyIl, iii, 545 
Chlorosjilicin, iii. 487 
Chi>colate, iii. 298 
Choke damp, ii. 478 
Cholepyrrhin (bile pigment), iii. 709 
Chak-sU:riliii, iii. 708 
(jholesterin, iii. 707 
Chulestrophau (i.itrotheine), iii, 292 
Chondrin, iii. 667 
Chromates, ii. 911 

,, atomic volumes of, iii. 771 

Chrome alum, ii. 915 
,, yellow, ii. 912 
Chromicyanides, iii. 598 
Chromium, ii. 908 

,, chlorides of, ii. 913 

n estimation of, ii. 916 

,, fluoride of, ii. 914 

,, nitrate of, ii. 916 

,, nitride of, ii. 915 

,, oxides of, ii. 909 

„ sulphates of, ii. 915 

,, sulphide of, ii. 913 

,, tests for, ii. 910 

Chrysene, iii. 552 
ChrysoberyJ, ii. 840 
Chrysolite, ii. 809 
Chrysorhamnin, iii. 517 
'lirysotype, ii. 1142 



CHY 


829 


COP 


Chyle, iii. 693 
(Jhyme, iii. 74 r 
(yinchona, bases of, iii, -270 
(Jiiiclionia, iii. 271 
Cinclionlcine, iii. 272 
Oinchonidine, iii. 272 
Cinchovatine (aricine), iii, 276 
Cinnabar, ii. to 14 
Cinnamyl, chloride of, iii. 477 
,, hydrido of, iii, 475 
Ciimbydrainide, iii. 476 
Citrates, iii. 340 

,, peculiarity when anh3"droiis, 341 
Clark, Dr. T., his process of purifying chalk 
waters, ii. 803 » 

Clay, ii. 827 
Clay ironstone,, ii. 871 
Cleavage of crystals, i. 95 
(^oal, ii. 484, iii, 97 
,, conif)o.sition of, iii. roo 
,, gas, how burnt without smoke, ii. 635 
,, ,, analysis of, ii. 66 r 

,, ,, manufacture of, iii. 557 

,, naplitha, iii. 562 
,, origin of, iii. 97 
,, im)diiots of distillation, iii. 555 
,, varit‘ti(>3 of, iii, 97 
(^•:.»l-tar, iii, 561 
Cobalt', ii. 853 

,, arsoniat(^ of, ii. 859 

,, arson iilo of, ii. 854 

,, Iklsos with armnonia, ii. 857 

,, bloom, ii. 859 

,, bright white, ii. 854 

,, carbonate.s of, ii. 859 

,, chloride of, ii. 859 

,, estimation of, ii, 86 1 

,, glance, ii. 854 

,, nitrate of, ii. 839 

,, oxides of, ii. 854 

,, separation of, from nickel, ii, 85 3, 
866 

,, auljilifite of, ii. 839 

.sul}tliido.s of, ii. 858 
,, tests for, ii. 860 

,, tin white, ii. 854 

Cobalticyanides, iii, 397 
Cochineal, iii. 324 
(yocoa, iii. 298 
Cocoa-nut oil, iii. 362 
Codeia (codeine), iii. 278, 282 
Coffee, constituents of, iii. 294 

action of, on the system, iii. 293 
Coffey’s still, i. 238 
Cohesion, characters of, i. 5, 52 

„ co-efficient of, definite, i. 52 

,, influence of, on chemical action, 

i. 52, ii. 1080 
,, of liquids, i. 54 

,, of solids, i. 53 

Coke, ii, 485 

,, purification of, by salt, ii. 878 
Colchicia, iii. 290 
Colcothar, ii. 893 
Cold, apparent reflection of, i. 200 


Cold, a negative property, i. 164 
,, produced by electric current, i. 410 
„ production of intense degrees of, i. 

253 

Collateral senes, iii. 27 
Collidine, iii. 259 

Collodion, different varieties of, iii. 90 

,, preparation of, for photography, 
ji- 11.39 
Colophene, iii. 440* 

Colophony, iii. 501 

Colour, influence of, on photograph y,u. t 149 
Coloured rings in polarized light, i. 155 
,, tests foj acids, i. 6, ii. 710 
Colouring matt.?r of the blood, iii. 690 
,, matters, lii. 514 
,, ,, adjective, iii. 346 

,, ,, substantive, iii. 346 

Colours, complementary, 1.134 
,, iridescent, i. 144 
,, Newton’s theory of, i. 134 
,, of thin plates, theory of, i. 145 
Col umbiiim, (tantalum), ii. 941 
Combining volume, aid i.i lixing the (dio- 
mical eviuivalent, ii. 1132 
„ of a gas, ii. 465 

Combustion, products of, varinble with 
the teuii)erature, ii. ii»7 
,, nature of, ii. 444 

,, not attended by de.structioii of 

matter, i. 11, ii. 445 
,, smouldering, ii. 633 

,, spf*ntaneou.s, ii. 446 

Combustil)lc‘s, and supporters of coiubus- 
tioii, ii. 447, 472 
C(>mpa.ss, Mariner’s, i. 264 
Composition, dyers’, ii. 936 
Compound radicles, theory of, iii. ^4 
Compres.Hibility of liquids, i. 34 
Concave mirror, i. 127 
Concrete, ii. 796 
Concurring affinities, ii. ri02 
Condensation, when gases combine, law of, 
i. 22, iii. 760 

Condenser, Lidng’s, i. 236 
,, electrical, i. 290 

Condensing syringe, i. 39 
Conducting wires, rajttual actions of, i. 383 
Conduction, voltaic, i. 359 

,, ,, effect of teinperaturo 

on, ill metal.s, i. 339 
,, ,, efl’ect of temperature 

on, in liquids, i. 363 

Conia, iii. 265 

Conjugate mirrors for reflection of heat, i. 
197, 200 

Constant battery, Daniell’s, i. 339 
Convection of heat, i. 191 
• ,, of electricity, i. 307, 368 

Convex Ions, i. 1 30 
CJhvolvuliu, lii. 310 
Cooking, chemical effects of, iii. 683 
Cooling, law of, by radiation, i. 202 
Cojial, iii. 503 

Copper, acetates of, iii. 410 
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Copper, ammonia-Bulpliatc of, ii. 967 
,, autidoteB for, ii. 991 
,, •bromide of, ii. 988 
,, carbonate of, ii. 990 

,, chlorides of, ii. 987 

,, chloride of, electrolysis of, ii. 1113 
,, cyanides of, hi. 585 

,, estimation of, ii. 992 
,, hydride of, ii. 986 

,, iodide of, ii. 5(88 

,, nitrates of, ii. 990 

,, ores of, ii. 976 

,, oxides of, ii. 984 

, , phosphates of, ii, 990 
, , plates, electrotype copies of, ii. 1 1 2 6 
,, pyrites, ii. 9S6 

,, selenide of, ii. 987 

. ,, sulphate of, ii. 988 

,, sulphides of, ii. 986 

,, sulphites of, ii. 984 

, , sheathing, corrosion of, prevented, 

i- B.Si 

,, smelting of, ii. 977 

, , tests for, i. 990 

Copperas, i. 900 
Cornish stone, ii. 828 

Correction for weigliings taken in air, i. 32 
(kwTosive sublimate, ii. ioi6 
Corundum, ii. 818 
Cotarjiiiie, hi. 284 
Coulomb’s electrometer, i. 277 
Coumarin, iii, 489 
Counter voltaic currents, i. 336 
Crcasote (kreasote), iii. 353 
(h'eatine (kreatiiie), iii. 618 
Creatinine (kreatinine), hi. 620 
Crocus of antimony, ii. 951 
mars, ii. 893 
Cross courses, ii. 678 
Crown of cujis, i. 322 
Cryolite, ii. 822 
Crvophorus, i. 229 
Oryptidine, iii. 261 
Crystallin (globulin), iii. 657 
Crystalline structure, developed by clcav- 
age, i. 95 

, , , , developed by solution, 

♦ » i. 94 

,, ,, produced by succes- 

sive heatings, i. 95 
,, ,, produced by vibra- 

♦ tion, i. ib. 

Crystallization, i. 91 

,, influence of light upon, ii. 

1132 

, , light emitted during, i. 1 1 7 

Crystals, axes of, i. 100 
,, biaxal, i. 149 

, , change of bulk during formation of, 

94 ^ . 

,, classificatkm of, 1. 101 

,, definite forms of, i, 91 

,, deposition on nuclei, i. 93 

,, doubly refracting, i. 148 

,, positive, \.%b. 


I Crystals, doubly refracting, negative, i. ih. 

\ ,, Ebelmen’s artificial minerals, i. 92 

,, modes of obtaining them, i. 91 
,, truncation of angles of, i. 97 
,, principal section of, i. 149, note 
replacement of edges, i. 97 
, , simple and compound forms of, i. 96 

,, unequal expansion of, by heat, i. 
165 

,, uniaxal, i. 149 
Cudbear, iii. 539 
Culm, hi. 99 
Curnidine, hi. 204, 259 
Cumole, iii. 565 
Cumonitfile, iii. 240 
Cumyl, iii. 474 

,, chloride of, iii. 475 
,, hydride of, iii. 473 
Cumyl -salieylamide, iii. 237 
Cupellation of gold, ii. 1054 
„ of lead, ii. 995 
,, of silver, ii. 1032 
Clipping-glass, principle of, i. 46 
Cuprammoniiiin, chloride of, ii. 988 
Curcumin, iii. 516 
Current affinity, ii. 1123 
Currying, iii. 672 

Curves of contraction of liquid.s on cooling, 
• i. 167 

,, of pressure of condensed gases, 
i. 258 

Cyamelid, ii. 652, iii. 606 
(lyanaiTiide, iii. 608 
Cyaiiate of potash, ii. 65 r 
Cyanazobenzoyl, hydride of (benzhydra- 
raide), iii. 465 
Cyanides, ii. 650 

,, double, iii. 583 

,, electro- negative, iii. 588 

Cyaniline, iii. 248, 257 
Cyanine, iii. 545 
Cyanite, ii. 829 
Cyanocodeia, iii, 277 
Cyanogen, ii. 646 

,, chlorides of, ii. 65.*) 

,, liquefaction of, ii, 648 

Cyanurates, iii. 606 
Cymidiue, hi. 259 

Cymole, formed from camphor, iii. 450, 565 
Cystin (cystic oxide), ih. 644 


Dauyl, iii. 441 
Daguerreot5"pe, ii. 1143 
Dalton’s atomic theory, i. 14, iii. 757 
,, law of multiple proportions, i; 13 
,, tension of vapours, i. 24J 
Daniell’s hygrometer, i. 248 
,, pyrometer, i. 176 

,, voltaic battery, i. 339 

Dark pey copper ore, ii. 987 
Daturia, iii. 290 

Debus, experiments on the influence of 
mass on affinity, ii. 1095 
Decay of woody fibre, iii. 94 ^ 
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Decimal solution of salt, ii. 1039 
a of silver, ii. 1040 

Definite proportions, law of, i. 1 3 
Deflagration, ii. 732 
Deliquescence, ii. 458, note 
Dcluc’s pile, i. 375 • 

Deoxidizing action of light, ii. 1133 
Development of daguerreotype, ii. 1143 
, , of images on collodion, ii. 1140 

, ,, of talbotypc, ii. 1 1 37 
Dewpoint, i. 347 * 

Dew, theory of its formation, i. 200 
Dextrin, ^ii. 75, 78 
Diabetic Sligar, iii. 59 
Diallyl-urea (sinapoliue), iii. 500 
Dialuramide (iiramil), iii. 638 
Diamagnetic bodies, table of, i. 42 1 
,, repulsion, law of, i. 424 
Diamagnotisnf, i. 417 

, , di fferential actions, i. 42 1 

,, influence of chemical com- 

position on, i. 422 

,, influence of structure on, 

i. 422 

Diamides, iii. 228, 240 
Diamond, converted into graphite by vol- 
taic arc, ii. 483 

,, its nature and properties, ii. 481 
Diamyl urea, iii. 175 , 

Diaphragms, porous, use of, in voltaic 
arrangements, i. 330, 339 
Diaspore, ii. 819 
Diastase, iii. 79 
Diathermacy, i. 204 
Dibcnzoyliniide, iii. 465 
Dibeiizo-sulphophcnylamide, iii. 236 
Dichlorariiline, iii. 41, 258 
Dichlorisatin, iii. 536 
Didyinium, ii. 843 
Dielectrics, i. 276 
Diethylia, iii. 2 r r 
Diethylin (blethylin), iii. 38 3 
Diothylurea, iii. 175 
Differential air thermometer, i. 171 
,, galvanometer, i. 360 

Diffusion of gases, i. 81 

„ law of, i. 83 

,, of liquids, i. 67 

,, ,, • apparatus for measure- 

ing, i. 68 

j , , , projiortioned to strength 

of solution, i. 69 

,, ,, laws of, i. 68, et seq. 

j, . ,, chemical decomposition 

by means of, i. 70 

,, ,, influence of temijcra- 

ture upon, i. 70 

OTiuan, lu. 034 

Digester for organic analysis, iii. 7 
,, ' Papin’s, i. 229 
Digestion, artificial, iii. 698 
,, natural, iii. 741 
Dimethylia, iii. 206 
Dimethyltffea, iii. 1 75 


Dimorphism, i. 1 1 t 
D initrobenzole, iii. 567 
Diorite, ii. 830 
Diphenine, iii. 568 
Diphony 1 urea, iii. 616 
Diplatinamine, ii. 1066 
Diplatosamine, ii. ib. 

Dippel’s oil, iii. 260, 580 
Dipping needle, i. 270 
Disacryl, iii. 386 • 

Disintegration of animal tissue.«i, iii. 744 
Dis]>laccment, collection of gases by, ii. 
. 4 <'> 5 . ,475 

Disruption, electrical discharge by, i. 302 

Dissected vultai j*battory, i. 346 

Disteariii (Instcariii), iii. 381 

Distlieiie, ii. 829 

Distillation, i. 235 

Distilled water, ii. 462 

DivkUvi, iii. 345 

Divisibility of matter, illustrations of, i. 4 
Doleritc, ii. 830 
Dolomite, ii. 808 
Double decomposition, i. 10 
,, diaphragm cell, ii. irii 

,, refraction of light, i. 147 

,, weighing, i. 26 
Draconyl (metastyrole), iii. 478 
Drummond’s light, ii. 472 
Drying oils, iii. 358 
Ductility, i. 54, 55, ii. 668 
Dulcose, iii. 72 
Dutch liquid, ii. 630 

,, chlorinated derivatives of, 

ii. 632, iii. 47 

Dyeing, iii. 547 

Dykes, ill mining, ii. 677 

Dyslysin, iii. 705 w 

Earth, magnetism of, i. 270 
,, used as iiart of the circuit of electric 
telegraph, i. 391 
Earthenware, ii. 833 
Ebullition, i. 222 
Eflloresceiice, ii. 458 
Eifusiou of gases, i. 84 
Egg, white of, iii. 6,^2 
,, yolk of, iii. 658 
Elaene (uonyleue), iii. 191 
Elaldin, iii. 369 
Elaldehyd, iii. 134 
Elastic fluids, i. 36 

,, force of air, i. 39, 40 
Elasticity, influence of, on affinity, ii. 1081 
,, in gases, i. 35 

,, its nature, i* 33 

„ law of its action, i. 33, 35 

,, of 'liquids, i. 34 

,, of solids, i. 34 

Etayl or olefiant gas, ii. 627 ; iii. 190 
Electric currents, action upon magnets, i. 

379 

„ ,, action upon soft iron, i. 

33i 
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Electric carrente, direct and inverse, i. 

397 ^ ^ 

^ ,, mutual actions of, 1. 385, 

397 

,, light, in air, in vacuo, in water, i. 
366, 367 

,, telegraph, i. 390, et seq. 

Electrical attractioa and repulmon, i. 274^ 
288 

,, balance, i. 2^6 

,, battery, i. 292, 302 

,, charge how distributed, i. 283 
,, conduction, i. 299 

,, hypotheses, i. 278 

,, induction, i. 280, et seq. 

,, induction, spread of, i. 289 

,, insulators and conductorh, i. 275 

,, machines, i. 286 

Electricity, action of points in dispersing, 
i. 285 

,, animal, i. 411 

,, atmospheric, i. 313 

,, developed by contact of dissi- 

milar metals, i. 323 
, , developed by heat, i. 308, 407 

, , developed by pressure, i. 308 
,, developed by friction, i. 273 

,, influence of, on affinity, ii. 1109 
, , quauti ty req uired to produce che- 

mical decomposition, i. 374 
,, relation of, to magnetism, i. 263 
,, two kinds of, i. 273 

Electro-chemical order of flic elements, i.329 
,, theory, ii. 1x21 

Electrode, i. 369 
Electro-gilding, ii. T131 
Electrolysis, beariug upon the binary 
• theory of balls, ii. it 12 

,, defiuile in amount and direc- 
tion, i. 370, 371 
,, laws of, i. 3^)9 

,, of organic compounds, ii. 1120 

,, of salts, ii. 1 1 10 
,, of salts of fatty acids, iii. 390 
,, secondary results of, ii. 1117 
Electrolytes, classes of, ii. iii^ 

,, coiupni,,*! of a conductor and 
non-conductor, i. 373 
,, defined,^!. 369 

, , must be compound bodies, i. ih. 

,, must be liquid, i. 369 

,, saline, table of, ii. 1 1 T4 
Electro-magnetic action, law of, i. 379 
,, rotations, i. 38 S 

Electro-magnetism, Ampere’s theory of, i. 

3^4 

,, laws of, i. 383 

Electro-magnets, how formed, i. 3^ t 

,, how rendered most effi- 

cient, i. 383 

Electrometer, quadraT»t, j. 291 ♦ 

Electro-motive fon’e, i. 327 

, , measurement of, i. 35 7 

Electrophorus, i. 288 
Electro-platluizing, ii. 1131 


Electro-positrve and •electro-negative ele- 
ments, i. 3^ 

Electroscope, Bennett's gold-leaf, i. 2 76 
,, Bohnenberger’s, i. 376, note 

,, with single gold-leaf, i. 326 

Eleol,ro -silvering, ii. J129 
Electrotype, ii. 1124 
Electrovection, ii. 1116 
Electro-zincing, ii. 1128 
Elementary bodies, chemical definition of, i. r 
'Elements, distinction into metallic and non- 
metallic, i. 2, ii. 435 
„ non-metallic, list of, L 2 

,, general arrangement of, ii. 435 

,, ♦: nomenclature of, ii. 429 

,, popular, i. i 

Emerald, ii. 839 
Emery, ii. 8r8 
Emetia, iii. 291 * 

Ernulsin (syiiaptase), iii. 455 
Emydin, iii. 658 
Enamel (glass), ii. 767 
Enamel of teeth, iii. 677 
Endosmosis and exosinosls, i. 71 
,, electrical, ii. 1116 

,, ofgases, i. 88 

Epiehlorhydrin, iii. 382 
Epsom siilt, ii. 807 
Equatorial magnetic position, i. 416 
Equidiffusive liquids, existence of group)* 
of, i. 69 

Equilibrium of temperature, i. 187 
Equivalent numbers of eleukents, i. ry 
,, ,, compounds, ?6. 

,, proportions, law of, i. 14 

Equivalents, chemical determination of, ii. 
1130 

,, of organic comyamnds, detei- 

miuatioii of, iii. 23 

Erbium, ii, S43 
Eieinacausis (decay), iii. 43 
Ery thrill, iii. 541 

Erythrogluein (erytliromaunitj), iii. 542 
Erythrolein, iii. 539 
Erythrolitmin, iii. 539 
Erythromaniiite, iii. 542 
Eiythrozym, iii. 520 
Esculetin, iii. 513 
Esfulin (polychrome), iiir 513 
Essentirii oils, iii. 434 
Eascnlial oil of achillea, iii. 444 
,, ,, anise, iii. 490 

,, ,, assafoetidn, iii. 496 

,, ,, bergamotte, iii. 444 

„ „ birch, iii. 444 

,, ,, bitteralmond®, iii. 453, 4;/"> 

,, ,, c.wnomile, ih. 

„ „ capivi, iii. 446 ^ 

^ „ ,, carraway, iii. 444 

{ ,, „ cassia, iii. 475 

1 ,, „ cedarwood, iii. 447 

„ ,, cinnamon, iii, 475 

„ „ cloves, iii. 445 

,, ,, eubebs, ih, 

„ „ cummin, iii. 473 



, £SS 


883 


EXC 


Essential oil of eleini, iii. 448 
>» >» fennel, iii. 4^0 

»> It garlic, iii. 41^6 

>» tt ginger, iii. 445 

>» it hops, iii. 446 

>> tt horseradish, iii. 4Q7 

n „ juniper, iii. 438, 444 * 

)) ,, lavender, iii. 432 

)> ,, lemons, iii. 437^ 

n tt Jnustard, iii. 497 

ft tt neroli, iii. 444 

tt M orange, iii. ii, 

tt tt parsley, iii. 448 • 

n pepper, iii. 437, 448 

tt n peppermint, iii, 44^ 

tt it roses, iii. 447 

tt it saviue, iii. 448 

tt it scurvy grass, iii. 497 

tt a spearmint, iii. 448 
it it spiraea, iii. 479 

)) ,, tarragon, iii. 490 

tt it thyme, iii. 446 

tt it tolu, iii. 448 

tt it turpentine, iii. 438 
,, valerian, iii. 446 
tt it wintergreen, iii. 483 
tt it wormwood, iii. 452 
Etching upon glass, by hydrofluoric acid, 
ii- SS 5 

Ethal, iii. 364 
Ether, iii. 155 
it acetic, iii. r^i 
t, allophanic, iii. 176 

,, allylcyanic, iii. 499 

,t allylic, iii. 494 
,, benzoic, iii. 162, 458 

„ boraoic, iii. 170 

), butyric, iii. 162 

,, car]>amic, iii. 174 
,, carbonic, iii. 173 
„ cetylic, lii. 365 
,, chlorocarbonic, iii. 174 
,, chlorinated, iii, 180 
,, citiic, iii. 342 

,, cyanic, iii. 176 
«, cyanuric, iii. 176 

tt eli^tic force of vapour under great 
pressures, i. 255 
„ ethylic, iii. 155 

,, formic, iii. J71 

,, glyceric, iii. 3^ , 

,, hydriodic, iii. 164 

,, . hydrobromic, iii. 163 

,, hydrochloric, ib, 

ft hydrocyanic, iii. 166 

,, hydrosulphuric, iii. 164 
,, latent heat of vapour of, i. 231 

,, lecanoric, iii. 543 

meJRyhethyl'Oxalic, iii. 173 
nitric, iii. 168 
,, nitrous, iii. 169 

,, oenanthic, iii. 172 

,, oxalic, iii. 172 

,, oxamie, iii. 173 

,, perchloric, iii. 169 

PART III. 


Ether, phonic, iii. 570 
„ phosphoric, iii. 147 
a salicylic, iii. 484 
it silicic, iii. 170 
tt succinic, iii. 162 
it sulphuric, iii. 167 
), tetrylic, obtained by electrolysis, 
ii. 1120 • 

,, vinic, iii. 155 
„ vapoui*, volun^ of, i. 233 
Etherification, theory of, iii. 13*8 
Etheiin, iii. 168 
4i^tIierole, iii. 168 

Ethers, action of chlorine on, iii. 46, 179 
,, compoum^,« action of chloxiue on, 
iii. t8i 

tt it allylic, iii. 494 

tt M amylic, iii. 178, 179 

tt tt boiling points of, iii. 

780 — 782 

tt It butylic, iii. 178, 179 

tt tt caprylic, iii. 179 

»» it cthylie, iii. 163, ct scq. 

tt it mothyli , iii. 177, 178 

^ it octyl ic, iii. 179 

»> it perchlorinated, iii. 18 1 

>» )) tetrylic, ib, 

,, homology of, iii. 28, 29 
Ethiops mineral, ii. 1014 
Ethyl, iii. 194 

bisulphide of, iii. 16$ 
tt chloride and bromide of, iii. 163 

,, cyanide of, iii. i66 

,, compounds of, (aec Ethers) 

,, iodide of, iii. 164 

,, oxide of, iii. 155 

,, solenide of, iii, 166 

t^ tellurido of, tb. 

Ethyl-acetamide, iii. 238 

Ethyl-amyl, iii. 194 
Ethylates, iii. 149 
Etliyl-conia, iii. 266 
Ethyl -diacetamide, iii. 238 
Ethylene (olefiant gas), ii. 627, iii. 190 
Ethylia (ethylaiP’ne), iii. 45, 210 
Ethyl -methyl -urea, iii. 616 
Ethyl-narcotine, iii. 'ly’j 
Ethyl-tetryl, iii. 196 
Ethyl -urea, iii. 616 
Eucalyn, iii. 67, 72 
Euchlorine, ii. 539 
Eudiometer, Cavendish’s, ii. 467 
It Ure’s, ii. 468 
Eupion, iii. 552 
Euxantbone, iii. 518 
EYai)()ration, i. 240 

it electric relations of, i. 309 
from the surface only, i. 244 
,, influence of pressure upon, 
i. 244 

•ti limit of, i. 243 
a its meteorological importance, 
i. 246 

a in vacuo, i, 246 
Excretin, iii. 719 

3 H 



EXC 


884 


FtJR 


Excrements, iii. 719 

, , action as manures, iii. 7^8, 739 

Exhausting syringe, i. 37 
Expansion by heat, mechanical effects of, 

, , by heat, progressive ratio of, 1. 1 74 

,, of gases by heat, i. 169 
,, of liquids by heat, i. 166 
,, of solids by heat, i. 165 
Explosion of boilers, referred to the sphe- 
roidal state, i. 261 

Factor, Greenwich, for calculating gbser-^ 
rations with the wet bulb hygrometer, 
i. 251 «■ 

FoBoes, iii. 719 
Fahlerz, ii. 987 

Fat, artificial formation of, iii. 380 
,, production of, from sugar in animals, 

iii. 738 

Fats, action of bases on, iii. 370 
,, ,, heat on, iii. 355 

,, ,, sulphuric acid on, iii. 374 

,, ,, water and heat on, iii, 375 

,, general properties of, iii. 354 
Fatty acids, properties of, iii. 387 
Faults in mineral veins, ii. 678 
Feathers, iii. 679 
Fecula, iii. 72 
Felspar, ii. 830 
Fementation, ii. 1099 

,, a source of carbonic acid, 
ii. 476 

,, alcoholic, iii. 103 

,, butyric, iii. 401 

,, density of solutions altered 

by, lii. 109 

• ,, bow checked, iii. 104 

,, lactic, iii. 116 

,, nature of, iii. 102 

,, of bread, iii. 113 

,, viscou«», 111. 1T7 

Fermented liquors, ih. 1^3 
Ferments, action of, iii. 80 
Fer oligiste, ii, 871, 893 
Ferrates, ii, 896 
Ferrideyanides, lii. 594 
Ferrocyanide of potassium famishes car- 
bonic oxide, ii. 491 
FeiTocyanidos, iii. 589 
Ferrocyanogen, iii. 588 
Fibrin, iii. 658 
,, varieties of, iii. 660 
Fibroin (silk), iii. 680 
Fibrous tissue, iii. 681 
Fire, an action, not an element, i. i * 
Fire-balloon, i. 193 
Fire-clay, ii. 827 
Fire-damp, ii. 479, 633 
Fixed air, ii. 475 

,, oils, general properties of, iii. (;54 
Fixing of photogmphie impressions, ii. 
1138, 1140 

Flame, action of, upon an electrified body, 

307 


Flame of blowpipe, oxidating, ii. 64T 
,, reducing, ii. 640 

,, cause of its luminosity, ii. 638 
,, ^cooling effect of tubes and wire 
gauze on, ii. 635 
high temperature of, ii. ib, 

,, its nature, ii. 636 

,, voltaic effects of, i. 366 

Flavine (diphenylufea), iii. 616 
Flesh, components of, iii. 682 
Flint, ii. 61 r 

Flour, composition of, iii. 1 1 r 
Flowers,* colouring matters of, iii. 545 
Fluorescence, i. 137, 138 /t 
Fluorides, ii. 556, 701 
Fluorine, ii. 553 

,, determination of its equivalent, 

557 

,, estimation of, ii, 701 

Fluor spar, ii. 799 * 

Food, cooking of, iii. 683 
,, more required in cold than hot 
weather, iii. 753 
„ of animals, iii. 737 
,, of man, how disposed of, lii. 751 
,, of plants, iii. 722, 726 
„ plastic components of, iii. 740 
,, respiiatory components of, iii. 739 
,, saline components of, iii. 740 
Force,' definite quantity of, i. 424 
,, transformations of, i. 426 
Forces, mutual relations of different kinds, 

1.427 

Formiates, iii. 417 
Formio-nitrile, iii. 167 
Formula of a chemical substance, i. 23, 
ii. 429 

Formula), rational and empirical, ii. 434 
Formylia, iii. 265 
Fousel oil, iii. 128 
Fowler’s bulution of arsenic, ii. g6i 
Fraiikland’s theory of metallic derivatives 
of alcohols, iii. 2 1 3 
Frankliuite, ii. 895 
Franklin’s theory of electricity, i. 278 
Freezing mixtures, i. 218 
Friction, i. 57 
Froth of lead, ii. 997 
Fructose (fruit sugar), iii. 57 
Fuller’s earth, ii. 829 
Fulminating mercury, ii. 633 
,, silver, ii. 652, 1042 
Fumaiimide, iii 336 
Fumerolles of boracic acid, ii, 620 
Furfuramide, iii, 262 
Furfurine, ib, 

Furfurole, ih. 

Furnace, assay, ii. J033 
,, black ash, ii. 750 

„ blast, ii. 873 

„ calcining, ii 978 

,, potassium, ii. 712 

„ reverberatory, ii. 684, 978 * 

„ salt cake, ii 748 

I, rinc, ii 845, 846 
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Fuscobaltia, ii. S58 
Eusible metal, ii. 973 
Fusing points, elfect of pressure upon, 
i. 219, note 

,, fixed, and why, i. 219 

,, table of, ih. 

Fustic, old, iii. 516 
,, young, ih, 

Gadolinite, ii. 842 

Gahnite, ii. 819 , 

Galena, ii. 1002 
Gallates, iii. 350 

Gallic acidjJts use in photography, ii. 1137 
Gall nut, 11^346 
Gallstones, iii. 70S 
Gallotannates, ih. 

Galvanism, its origin, i. 315 
Galvanized iron^ ii. 848 
Galvanometer, 1. 3J9 

,, differential, i. 360 
Galvanoplaatics, ii. 1124 
Garancin, iii. 519 
Garnet, ii. 831 

Gaseous diffusion, Dalton’s theory of, i. 89 
Gases, analogy with vapours, i. 56, 25 1 
„ analytical classification of, ii. 657 
,, combination under the influence of 
platinum, ii. 1098 

,, conducting power for electricity, i, 
366 

5, correction of, for pressure, i. 48 
,, correction of, for temperature, i. 180 
,, desiccation of, i. 80 
, , cooling effect on wire conveying vol- 
taic current, i. 363 
,, diaraaguetisiu of, i. 419 
,, expansion of, by heat, i. 169 
,, how distinguished from each other, 
ii. 65 7, et scq. 

,, magnetism of, i. 420 

,, passage thrbugh diaphragms, i. 88 

,, reducible to liquids, tabic of, i. 257 
* , , refractive powers of, i. 1 29 

,, solidifiable, table of, i. 257 
,, which have not been liquefied, i. 
'..•>.59 

Gasholder, i. 47 
Gas voltaic batteiy, i. 336 
Gastric juice, iii. 698 
Gauges for estimating tressure of condensed 
gases, i*. 255 
Gaultberilene, iii. 483 
Gaultherates, iii. 484 
Gay Lussite, ii. 802 
Q^in, iii. 94 

Gelatigenous tissues, iii, 664 
Gelatin, iii. 665 
GeqiB, imilhtions of, ii. 766 
'Tlerliardt’s classification of bodies according 
to chemical functions, iii. 816 
,, notation, ii. 1 1 61 

,, theory of organic acids, iii. 319 
German silver, ii. 864 
Gibbsite, U. 826 


Gilding, ii. 1052 

• „ of the daguerreotype. plate, ii. 1144 
Gladstone’s experiments on the inflqence 
of mass on affinity, ii. 1091 ’ 

Glass of antimony, ii. 955 
„ Bohemian, ii. 700 
,, bottle, ii. 763 
„ coloured, ii. 766 
„ crown, ii. 762 
,, devitrified, ii. 1^63 
,, disintegration of, ii. 768 
„ expansion of, by boat, i. 166, 175 
,, flint, ii. 764 

„ gall, ii. 762 

,, general properties of, ii. 759 
,, object of annealing, ii. 769 
„ optical, ii. 765 
,, plate, ii. 761 
,, soluble, ii. 758 
,, table of different varieties, ii. 
window, ii. 762 
Glauberite, ii. 747 
Glauber’s salt, ii. 746 
Glaze, for iron pots, ii. 768 
Glazing of earthenware, ii. 836 
Globulin, iii. 657, 692 
Glucina, salts of, ii. 840 
Glucinum, ii. 839 
Glucose, iii. 58 
Glucosides, iii. 511 
Glue, iii. 667 
Gluten, iii. 112 
Glutin, iii. 113 
Glyceramine, iii. 383 
Glyceric ether, iii. 383 
Glycerides, iii. 379 
Glycerin, iii. 376 

„ etbylic, iii. 433 ^ ^ ^ 

,, theory of its nature, iii. 383, 434 
,, artificial combinations of, iii, 380 
Glycooine (glycocoll), iii. 623 
Glycol, iii. 432 
Gly(^yl and Glyceryl, iii. 383 
Glycyrrhizin, iii. 71 
Gneiss, ii. 830 
Gold, alloys of, ii. 1053 
,, amalgams of, ii. 1053 
,, assay of, ii.,1054 
,, bromide of, ii. 

,, chlorides .of, ii. 1058 
,, cyanide of, iii. 587 
,, estimation of, ii. 1060 
,, fine, i)reparation of, ii. 1051 
,, fulminating, ii. 1057 
,, iodides of, ii. .1050 
,, oxides of, ii. 1050 
,, sulphides of, ii. 1057 
,, tests for, ii. 1059 
Goniometer, by application, i. 97 

,, Wollaston’s reflecting, i. 98 
Gouifird’s extract of lead, iii. 410 
Gramme, i. 26, iii. 809 
j. Granite, ii. 830 
Grape sugar, iii. 58 
Graphite, ii. 483 
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Gravity, force of, less at equator tlian at 
poles, i. 14 

f> , supplies a standard for comparison 
of weights and measures, i. 24 
Greenstone, ii. 830 
Green vitriol, ii. 900 
Gros’s platinum salts, ii. 1065 
Ground'ice, theoi^ of its formation, i. 202, 
note 

•.Guaiacene, ili. 504 , 

Guaiacum, iii. 503 
Guaiacyl, hydride of, iii. 504 
Guanine, iii. 643 
Guano, iii. 629 
Guarana, iii. 291 * 

Gulf Stream, i. 196 
Guiq, iii. ^83 
,, British, iii. 75 
Gum-resins, iii, 505 
Gun-cotton, iii. 87 
Gun-metal, ii. 930 
Gunpowder, ii. 733 
Gutia percha, iii. 509 
Gymnotus, electrical phenomena of, i, 412 
Gypsum, ii. 800 

H.KMA.TEIN, iii. 523 
Hmmatin (hsematosin), iii. 690 
Hfiematite, il. 871, 894 
H^'ematoidin, iii. 691 
Hsematoxylin, iii. 522 
Hair, iii. 680 
Halloysite, ii. 8^ 

Halogens, ii. 436, 5r7, 704 
Hardening of steel, ii. 888 
Hardness of minerals, i, 33 
„ ^ scale of, i. 53 
Hanni.lin6, iii. 290 
Harmino, iii. 291 
Hartshorn, ii. 51 1, 777 
Hausmannite, il. 920 
Heat absorbed during vaporization, i. 220, 
229 

,, absorption of, i. 198 
,, ,, varies with source,!. 203 

, , and light possibly independent, i. 209 
,, animal, iii. 752 
,, antagonist to cohesion, i. 33 
,, conduction of, ^ i, 187 
,, conduction of, unequal in different 
directions, i. 190 

,, oonnexion of absorption, reflection, 
and radiation i. 1*99 
,, convection of, i. 191 
,, dimin ution of, by rarefaction, i. 213 
,, of electric discharge inversely as 
the conducting power for equal 
amounts of electricity, i. 30 jr, 362 
,, evolution of, by compression* i. aifl 
, , evolved during combination with chlo- 
rine, bromine, and iodine, iii jc 794 ! 
„ evolved during combination of acids 
and bases, iii. 805 

„ evolved by combustion in oxygen, iii. 

793 


Heat evolved by combustion of dimo^hous 
bodies, iii. 79*5 

„ ,, of homologous 

bodies, iii. 797 

„ ,, of polymeric 

9 bodies, iii. 796 

,, evolved during metallic precipitations, 
iii. 801 

„ expansion produced by, i. 164 
„ general nature of, i. 161 — 164 
,, its influence on affinity, ii. 1106 
,, liberated by chemical combination, 
i. 12. 

j, of combination, definite.rf'Jimount of, 

, iii. 787 

,, experiments of Andrews, iii. 789 
,, ,, Favre and Silber- 

mann, iii. 792 
,, latent, i. 216 < 

,, measurement of, i. 170, et seq. 

,, polarization of, i. 211 
,, produced by moistening, i. 163 
,, ,, percussion, i. 163 

,, production of, by friction, i. 162 
,, radiation of, i. 197, in vacuo, i. 203 
,, reflection of, i. 197 
,, refraction of, i. 208 
,, sources of, i. 162 
,, specific, i. 2 1 1, iiu 784 
„ unequal distribution of, in the spec- 
trum, i. 208 

Heating of buildings by steam, i. 221 
Heights, measurement of, by boiling point, 
i. 226 

Helicin, iii. 487 
Helicoidin, iii. 488 

Helix, a magnet whilst conveying an electric 
current, i. 384 
,, electro-magnetic, i. 382 
Heraming’s oxyhydrogen jet, ii. 471, 635 
Henry’s coils, i. 400 
Heptylene (ocnanthylene), iii. 191 
Heterologous series, iii. 27 
Heveene, iii. 507 
Hexyl (caproyi), iii, i9(> 

Hexylene, iii. 19 r 
High pressure steam boiler, i. 21^ 
Hippurates, iii. 471 
Homologous series, iii. 26 „ 

Honey, iii 58 
Horn, iii. 678 
Hornblende, ii. 809 
Hot^ blast in iron smelting, ii. 877 
Hot water drying-closet, i. 221 
ilumus, iii. 94 
Hyacinth, il 841 
Hydracids, ii. 703 
Hydramides, iii. 232 
Hydrargethyl, oxide of, iii. 214' 
Hydrargob^zamide, iii. 239 
Hydrates, ii. 458 
Hydraulic limes, ii. 795 
Hydride of amyl, iii. 198 
„ anisyl, lii. 491 

,, benzoyl, iii. 45^ 
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Hydride of ciniiamyl, iii. 475 
„ cumyl, iii. 473 

„ cyanazobenzoyl, iii. 465 

,, cyanobenzoyl (benzimide), iii. 

460 

„ ethyl, iii. 197 

,, methyl, iii. 197 

,, salicyl, iii. 479 

,, tetryl, iii. 198 

Hydrides of the metals, ii. 702 
llydrindia, iii. 538 
Hydrobenzamide, iii. 464 
Hydrocarbons of the alcohols, iii. 188 

^ homologous with marsh gas, 
iii. 196 , 

homologous with olefiant gas, 
iii. t88 

Hydrochloric acid, action on metallic oxides, 
• ii. 5^5 

,, solution of, table of den- 
sities, ii. 524 

Hydrocyanate of hydride of benzoyl, iii. 
460 

Hydrocyanates of metallic chlorides, iii. 
582 

Hydro-electric machine, i. 310 
Hydrogen, ii. 465 

,, binoxide of, ii. 624 
,, light corburetted, ii. 63^ 

,, musical sounds produced by 

burning jet of, ii. 460 
,, persulphide of, ii. 585 

,, preparation of, ii. 464 

Ilydrokinone, iii. 353 

„ green, iii. 353 
Hydrometer, i. 31 

,, Baumd^s, tables of, iii. 807 

,, T Waddell’s, ,, iii. 808 

Hydrosulphates, ii. 583 
llydrurets, {nee Hydrides) 

Hyodyslysin, iii. 706 
Ilyoscyamus, iii, 270 
Hygrometer, Daniel I’s, i. 248 
,, wet bulb, i. 250 
Hypochlorites, ii. 530 
Uypophosphites, ii. C03 
Hyposaljj^ates, ii. 577 
Hyposulphites, ii, 57() 
llypoxanthin, iii. 643 

Ice, specific gravity f, i. 94 
,, heat of, i. 215 
Icel^d spar, ii. 801 

,, double refraction of, i. 147 
Icthin, iii. 658 

IdTentity of machine and voltaic electricity, 
i‘ 374 , 378 
Iga^rint^ iii, 289 
^iSenium, ii. 94 t 
I mabenzile, iii^ 469 
Imasatin, &c., iii. 536 

Imides, iii. 231 

Inactiye aspartic acid, iii. 339 
„ malic acid, iii. 337 
,, tartaric acid, iii. 334 


Indian fire, ii. 963 
Indioon,^ iii. 5 28 
Indigo, iii. 529 

„ con(Btion of, inphmt, iii. 5 /8 
„ blue, iii. 529 
,, brown, iii. 529 
„ red, iu. 529 
„ white, iii. 531 
Indigogen, iii. 531 
Indigotin (Indigo blug), iii. 529 
Indlu, iii. 537 
Induction, electric, i. 280 
,, magnetic, i. 265 
,, voltaic, i. 330, H 9 
Induced electric farrents, i. 397 
Indyl, iii, 527 
Ink, printer’s, iii. 360 
,, writing, Idack, iii. 347 
„ blue, iii. 593 
Inosite, iii. 72, 683 
Intensity of electricity, i. 284 
Interference of light, production of dark- 
ness by, i. T43 

,, ,, prod.. ction of colour 

by, i. T44 

,, undulations, i. 142 

Inulin, iii. 82 
lodates, ii. 550 
lodhydrin, iii. 382 
Iodides, ii. 549, 700 
Iodine, ii. 545 
,, chlorides of, ii. 551 
,, estimation of, ii. 701, 988 
,, Lugol’s solution of, ii. 547 

,, tests for, ii. 547 

Iodoform, iii. 188 

Ions, unequal transfer of during electro- 
lysis, ii. 1115 
„ voltaic, i. 370 
Iridiocyanides, iii. 600 
Iridium, ii. 1077 

,, salts of, ii. 1078 
Iron, alloys of, ii. 892 
,, alum, ii. 901 
,, analysis of, ii. 906 
,, annual production of, ii. 879, note 
,, bar, ii. 890 
,, carbonate of, ii, 901 
,, cast, ii. 879 •• 

, , cliauge i n structure of by vibration, i. 95 
,, chlorides of, ii. 898 
,, cold short, ii, 884 
,, cyanides of, iii. 588 
,, estimation of, ii. 904 
,, hot short, ii. 896 
,, iodides of, ii. 899 
„ magnetism destroyed by red heat, i. 
269 

„ mixed oxides, estimation of, ii. 905 
,, ores of, ii. 870 
,f oxides of, ii. 893 
„ passive condition of, ii. 891 
,, phosphates of, ii. 902 
,, presence of, in the blqpd, iii. 690 
• „ pure, preparation of, li. 889 
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Iron, pyrites, ii. 807 
„ refining oi^ ii. 881 
,, smelting of, ii. 87^ 

,, fiulphates of, ii. 900 
,, sulphate of, use in developing photo- 
graphs, ii. 1 140 
,, sulphides of, ii. 896 
„ tests for, ii,r 902 
,, -wrought, ii. 884 
Isathyd, iii. 536 , 

asatin, iii. 535 
Iserine, ii. 938 
Isologous groups, iii. 429 
Isomerides, iii. *5 
Isomerism, ii. 653 ♦ 

Isomorphism, i. 108 

,, aid of, in fixing equivalents, 

ii- 1 15.3 

Isomorphous bodies, notation of, ii. 718 
>) table of, i. no 

Isoterebeuthene, iii. 439 
Jalap, resin of, iii. 510 
J alapin, ib. 

J ervia, iii. 290 

Kakodyl, iii. 219 

,, oxide and other compounds of, 
iii. 222 

Kaolin, ii. 828 

Kapnomor, iii. 555 

Keeper, for magnets, use of, i. 268 

Kelp, ii. 545, 746 

Kermes mineral, ii. 956 

Ketones or acetones, iii. 310 

Killas (clay slate), ii. 976 

Kinates, iii. 352 

King’s yellow, ii. 963 

Kinoj^ii. 348 

Kiuone, iii. 353 

,, production of, from ctiffec, iii. 295 
Kohinoor, the cutting of, ii. 482, note 
Kopp s law of atomic vulume, iii. 774 
,, boiling points, iii. 779 
Kreasote, iii. 553 
Kreatine, iii. 618 
Kn^atinine, iii. 618, 620 
Kupfernickel, ii. 864 
Kyanol (andiiic), iii. 253 
Kyan’s process for preserving wood, iii. 95 

LAURABORrTEjii. 830 
Lac dye, iii. 525 
Lac resin, iii. 504 
Lac sulphuris, ii. 585 
Lacquer, iii. 505 
Lactamide, iii. 323 
Lactates, ib» 

Lactide, ib. 

Lactin (lactose), iii. 67 
Lacl^ne, iii. 323 

Lakes, of oolonring maiter, U. S20,iii.^i6 

Lampblack, ii. 486 

Land and sea breezes, i. 106 

Lane’s electrometer, i. 290 

Lautanium, ii. 843 


Lapis lazuli, ii. 838 
La^, iii. 364 
Latent heat, i. 161, 216 
#^1 of ice, ib. 

„ of steam, i. 232 

. ,, of vapours, i. 230 

,, Person’s theory of, i. 217 

Latent photographic image, ii. 1 1 36 
Lateral electrical discharge, i. 300 
Laughing gas, ii. 505 
Law of volumes of gases, i. 21 
Laws of chemical combination, i. 13 
tiOzulite, ii. 82 6 
Lead, ii. 993 

,, acetates of, iii. 409 
,, action of air and water on, ii. 997 
,, alloys of, ii. 999 
,, anomalous expansion of, i. 165 
,, borate of, ii. 1005 ' 

,, carbonate of, ii. 1006 
,, chlorides of, ii. 1003 
,, chlorosulpbide of, ib, 

,, chromate of, ii. 912 
,, cyanide of, iii. 588 
„ desilvering of, ii. 994 
,, estimation of, ii. roo8 
,, fluoride of, ii. 1004 
,, iodides of, ii. 1003 
,, pitrates of, ii. 1004 
,, nitrites of, ii. 1005 
,, oxides of, ii. 999 
,, phosphates of, ii. 1005 
,, peroxide of, ii. 1002 
,, pipes, corroded by water, ii 998 
,, silico-borate, magneto-optiem pro- 
perties of, i. 4I4 
,, sulphate of, ii . 1004 
,, sulphides of, ii. 1002 
,, tests for, ii. 1007 
'Leather, basis of, iii. 347 

„ preparation of, iii. 669 
Legumin, iii. 664 
Leiogomme, iii. 75 
Lenses, i. 130 
Lepidine, iii. 261 
Lepidolite, ii. 770, 831 
Leslie’s method of freezing water in vacuo, 
i. 229 

Leucine, iii. 625 
Leukol (quinoline), ?ii. 261 
Leyden jar, i. 291 

Lichens, colouring matters of, iii. 538 
,, table of components of, iii. 541 
Light, absorption of, i. 133 

,, action of coloured vapours upon, i. 

137 

„ artificial, of flames, i. 135 
,, bearing upon chemical actions, 

,, change in its refrangibility, i. 

,, chemical action of, ii. ir33 
,, dispersive power of bodies for, i. 135 
,, emitted during crystallization, i, 117 
,, emitted by highly heated soIid% i. i (6 
„ influenoeoll' upon regetatloni ii. 48 1 , 
11^3 - 
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Lights law of diminution by distance, i. 123 
,, ,, reflection of, i. 125 

,, ,, refraction of, i. 127, 128 

, , polarization of (see Polarization), i. 149 
,, polarization of, by bundle of glass 
plates, i. ii54 

99 r> . doubly refracting 

crystals, i. 150 
99 99 Iceland spar, i. 

150 

99 9 9 Nicol’s prism, i.« 

99 19 tourmalin, i. 150 

„ pobi^ed, analysis of fermentation 
by, iii. ro8 , 

,, production of, by animals, i. 117 

,, scattering of, i. 126 

,, theories of, i. 118 

,, total reflection of, i. 130 

,, velocity of, variable in different 
media, i. 141 
„ voltaic, i. 336 

Light grey copper ore, ii. 987 
Lightning conductors, i. 3,1 1 

,, identical with electricity, i. 310 

,, its explosive power, 311 

Lignin, iii. 92 
Lignite, iii. 98 

Lime, ii. 792 ^ 

,, action of, as manure, ii. 797, iii. 734 
,, carbonate of, ii . 801 

,, chloride of, ii. 532 

,, estimation of, ii. 813 

„ nitrate of, ii. 801 

,, phosphates of, ii. 804 

,, sulphate of, ii. 800 

,, tests for, ii. 805 

Lime-kiln, a source of carbonic acid, ii. 
476 

Limestones, ii. 794 

•Lines in the prismatic spectrum, i. 136 
ii. 1146 

Linolein, iii. 370 
Lipyl, oxide of, iii. 381 
Liquation, ii. 1029 
Liquefaction a cooling process, i. 21^ 
of gases, i. 251, 257 
Liquids, conduction of, for heat, 1. 188 
,, compressibility of, i. 34 

,, convection of heat by, i. 191 

,, expansion by heat, i. 166 
,, some susceptible of magnetism, 

• i. 417 

,, susceptible of magnetic polariza- 

tion, i. 415 
'Litharge, ii. 999 
Lithia, salts of, ii. 771 
Lithiuii^ ii. 770 
^Bitmus, iii. 539 
Liver, sugar found in, iii. 710 
,, presence of metals in, ib. 

,, vicarious function of, iii. 754 
Loadstone, i. 264, 265, ii. 895 
Loam, ii. 829 v.f 

Lodes, ii. 677 


Logwood, iii. 522 
Lophiue, iii. 263 
Lucifer matches, ii. 594 
Lunar caustic, ii. 1047 
Luteocobaltia, ii. 858 
Luteoliii, iii. 517 
Lutidine, iii. 259 
Lymph, iii. 694 

Maddku Root, iii. 5^8 
Magifltery of bismuth, ii. 975 
Magistral, ii. 1028 
Magnesia, ii. S06 

,, carbonates of, ii. 808 

,, estimation of, ii. 813 

,, nitrate of, ii. 808 

,, phosphates of, ii. 810 

,, silicates of, ii. 809 

,, sulphate of, ii. 807 

,, tests for, ii. 810 

Magnesian limestone, ii. 804, 808 
Magnesite, ii. 808. 

Magnesium, ii. 805 

,, chloride of, ii. ^07 

,, sulphide of, ii. 807 

Magnet, action of a rotating disk of metal 
upon, i. 403 
Magnetic equator, i. 2 7 1 
,, field, i. 416 

,, induction, i. 265 

,, iron ore, ii. 870, S95 

,, polarity, theory of, i. 267 

,, repulsion, i. 264 

,, storms, i. 271 

Magnetism of all bodies which are conduct- 
ing the voltaic current, i. 318, 

• 380 

,, diminished by heat, i. ^69 

,, of the earth, i, 270 

,, of the earth, variation of inten- 
sity, i. 271 

,, mode of determining its inten- 
sity, i. 269 

,, a polar force, i. 264 
,, what bodies susceptible of, x. 
272, 417, 421 

Magneto-electric action, law of, i. 404 
,, induction, i. 397 
„ machine, Saxton’s, i. 405 
Magneto electricity, i. 397 

,, chemical actions of, i. 407 
Magnets, effects of fracture on, i. 266 
,, preparation of, i. 267 
Magnetization, attended with molecular 
motion, i. 382 

Magnus’s platinum salts, ii. 1065 
Malachite, ii. 990 
Malamide, iii. 338 
Malates, iii. 335 
Malleability, i. 54, iL 668 
Malt, iii. 80 
Manganates, il. 921 
Manganese, ii. 917 

„ black oxide of, a source of oxy- 
gen, il 443 
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Manganese, carbonate of, ii. 923 
„ chlorides of, ii. 922 

,, cyanide of, ill. 585 

,, * estimation of, ii. 919, 924 
,, fluorides of, ii. 923 

,, ore, assay of, ii. 919 

,, oxides of, ii. 918 

„ spar, ii. 923 

,, sulphate of, ii. 923 

,, sulphide of, ii. 922 

,, tests for, ii. 923 

Manganite, ii. 918 
Manna, iii. 70 
Mannitane, iii. 384 
Mannite, iii. 69 1 

,, compounds of, with acids, Hi. 384 
Manometer, i. 43 
Manure, action of, iii. 732 
,, farm -yard, iii. 727 
,, varieties of, iii. 728, 735 
Marble, ii. 802 
Margarin, iii. 369 
Marl, ii. 828 

Marriotte’s law, departure from, i. 36, 
'iiotCf 255 

,, of elastic fluids, i. 35 

Marsh gas, ii. 633, iii. 197 
Marsh's test for arsenic, ii. 968 
Maas, its influence on afhnity, ii. 1089 
Mas.sioot, ii. 1000 
Mat6, iii. 293 

Matter never destroyed, i. 10, ii. 445 
Measures, English and French, i. 24, iii. 
809 

Meconates, tests for, iii. 344 
Meconin (opianyl), iii. 279, 284 
Medals, electrotyping of, ii. 1127 
Media fj^ light, i. 127 
Meerschaum, ii. 809 
Melam, iii, 603 
Melamine, iii. 604 
Melene, iii. 367 
Melissin, iii. 366 
Melitose, iii. 67, 72 
Mellon, iii. 602, 603 
Mellunides, iii. 603 

MellonFs apparatus for radiant heat, i. 205 
Menaccanitc, ii. 938 
Mercaptan, iii. 105 t 
Mercaptans, class of, iii. 94 
Mercuramine, ii. 1013 
Mercurial trough, i. 48 
Mercury, ammouiated compounds of, ii. 
1020 

,, application to the daguerreotype, 

ii. 1143 

,, bromides of, ii. 1021 

,, capillary depression of^ i. 61 

,, chlorides ot, ii. 1015 

,, cyanide of, iii, 586 

,, estimation of, ii. 1023 a 
,, expansion of at drffisrent tempe* 

ratures, i. 1 75 
iy extraction of, ii. 1009 

„ freezing of, i. 253 


Mercury, freezing of, in red-hot capsule, i. 

262 

„ fulminate of, ii. 653 

,, iodides of, ii. 1020 

,, nitrate of, test for urea, iii. 614 
nitrates of, ii. io2r 
,, nitride of, ii. 102 1 

„ ores of, ii. 1009 

,, oxides of, ii. 1012 

„ oxychlorides of, ii. 1017 

„ specific heat of, i. 2T2 

,, sulphate of, ii. 107 r 

Metacetone, iii. 56 
Metacinnamene (styracin), iu ,^/8 
Metaldeljyd, iii. 134 

Metallic bases containing ammonia, ii. 783 
Metallochromes, ii. 1119 
Metals, action upon nitric acid, ii. 498 
,, „ sulphuric acid, ii. 574 

„ conditions in which they occur, 
ii. 675 

„ conducting power of, for electricity, 
i. 301, 361 

„ conductiijg power for heat, table 
of, ii. 188 

,, expansionof, table of, ii. 166, iii. 767 
,, fusibility, table of, ii. 671 
, , general arrangement of, ii. 4 37, 686 

eneral properties of, ii. 665 
ardness of, ii. 666 
„ lustre of, ii. 665 
, , malleability and ductility of, ii. 668 
,, native, ii. 676 
,, pulverulent condition of, ii. 665 
„ ‘specific gravity, table of, ii. 671 
,, tenacity of, ii. 667 
,, volatility of, ii. 672 
Metameric compounds, ii. 653 
Metamerides, iii. 5 * 

Metamorphoses, chemical, produced by oxi- 
dation, iii. 42^ 
,, ,, produced by re- 

duction, ill. 43 
,, ,, produced by sub- 

stitution, iii. 44 

Metauaphthalin, iii. 580 
Metantimoniates, ii. 054 
Metaphosphates, ii. 001 
Metastannates, ii. 933 
Metastyrole, iii. 478 
Metaterebenthene, iii^440 
Methyl, iii. 195 

„ compounds of, iii. 177, 178 
„ oxide of, iii. 176 
Metbylal, iii. 138 
Methyl-hexyl, iii. 194 
Methylene, iii. 190 
Metbylia (metbylamine), iii. 20$ 
Methyluramine, iii. 621 
Methylurea, iii. 175 
Metre, i. 25, iii. 809 
M^ ii. 831 
Microcosmic salt, ^ 770 
Milk, composition^ Hi. 695 
„ T»lue of, M fiwO, ai. 737, 75S 
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Mineral chameleon, ii. 920 
,, veins, ii. 676 
,, waters, ii. 460 
Mining operations, ii. 678 
Minium, ii. 1001 

Mirrors, silvering of, by mercury, ii. 931 
n l>y reduced Bilver, 
ii. 1031 

Mispickel, ii. 898 

Mixture, difference between it and combi- 
nation, i. 8 t 

MoirSe metcdlique^ i. 95, ii, 929 
Molecular forces, i. 33 
Molybdatei^i. 943 
Molybdenum, ii. 94 r ^ 

,) chlorides of, ii. 944 

,, oxides of, ii, 942 

,, sulphides of, ii. 943 

,, 4 ests for, ii. 944 

Mono-stearin, iii. 381 
Moonlight, absence of heat in, i, 209 
Mordants, ii. 820, iii. 546 
Moroxite, ii. 805 

Morphia, preparation of, iii. 278, 281 
Mortars and cements, ii. 793 
Mosaic gold, ii. 934 

Motion, its effect upon affinity, ii. iioi 
,, a signal of force, i. 425 
Moulds for electrotyping, ii. 1126 
Mucilage, iii. 83 
Mucin, iii. 700 
Mucus, ih. 

Multiple compounds, nomenclature of, ii. 

431 

,, proportions, law of, i. 13 
Munt? metal, ii. 983 
Murexan, iii. 639 
Murexid, iii. 639 

Muscular current of electricity, i. 413 
,, tissue, iii. 68 1 
Musical notes, pitch of, i. 120 
Myricin, iii. 366 

Naphtha, coal, iii. 561 
,, natural, iii. 581 

,, wood, iii. 403 

Naphthalidin, iii. 574 
Naphthalin, iii. 573 

,, bromides of, iii. 576 

,, chlorides of, iii. 575 

Naphthene, iii. 58 i 
Naphthole, ih. 

Naphthylamine, iii. 574 
Naples yellow, ii. 953 
Narceia (narceine), iii. 278, 285 
Narcogenine, iii. 285 
Narcotine, iii. 278, 283 

,, homologous forms of, iii, 277 

M^scent state of b^ies, ii. 1120 
Natron, ii .*754 

Negative photo^phs, ii. IJ35 
Neutralization, i. ^ 

Nickel, ii. 863 

„ carbonates 0^ iL $65 

,, chloride of, ii. 865 


Nickel, cyanide of, iii. 585 
,, estimation of, ii, 866 

,, oxides of, ii. 864 

„ separation of, froux cobalt, ii. 853, 

866 

„ sulphates of, ii. 865 

„ sulphide of, ii. 864 

„ tests for, ii. 86 

Nicotia, iii. 267 
Niobium, ii. 941 ^ 

Nitraniline, iii. 258 
Nitrauiside iii. 492 
Nitranisidine, ib. 

Nitrariisole, ib. 

Nitrates, ii. 50? • 

,, atomic volumes of, iii. 772 
Nitre beds, ii. 73 r 
,, refining of, ii. 732 
Nitric acid, ii. 494 

,, anhydrous, ii. 499 
,, table of strength of, ii. 503 

,, tests fur, ib. 

Nitrides of the metals, ii. 701 
Nitriles, iii. 166, 228, 239 
Nitrindin, iii. 538 
Nitro -acids, iii. 306, 389 
Nitrobenzole (nitrobenzide), iii. 566 
Nitrobeuzoyl, iii. 457 
Nitro-coumarin, iii. 489 
Nitrogen, bisulphide of, ii. 587 
,, bromido of, ii. 545 

,, chloride of, ii. 539 

,, determination of, in organic com- 

pounds, iii. 18 

,, ,, comparative 

method, iii. 22 
,, ,, Dumas’ method, 

iii. go 

,, ,, Varrentrapp’s 

method, iii. 19 
,, deutoxide of, ii. 50G 

,, exhaled duriug respiration, iii. 

745, note 

,, iodide of, ii. 552 

,, one of the constituents of the 

atmosphere, ii. 440 
„ peroxide of, ii. 509 

,, phosphide of, ii. 60S 

, , preparatiot and properties, ii. 4 50 

„ protoxide of, ii, 503 

Nitroglycerin (glonoin), iii. 92, 378 
Nitromannite, iii. 91 
Nitronaphthalin, iii. 574 
Nitroprussides, iii. 596 
Nitrosulphates, ii. 579, 1105 
Nitrotyrosine, iii. 628 
Nitrous oxide, ii. 503 
Nodal lines, in sounding bodies, 1 . I2T 
Nomenclature, chemical, i. 429 
Nonylone (elaene), iii. 191 ^ 

Ntrdhausen sulphuric acid, ii. 571 
Notation, chemical, by symbols, i. 23 * 

, , of mixtures of isomorphous bodies, 

ii. 718 
Nut-galls, iii. 346 
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Nutmeg butter, iU. 395 
Nutrition ofnnimals, iii. 737, et seq. 

,, of plants, iii. 721, et $eq. 

Obsidian, ii. 831 
Ochre, ii. 829 

Octylene (capryleue), iii. ipr 
CEuanthol, iii. 1 39 363 
(Enauthyicne, iii. 19 1 
Ohm’s theory of the voltaic circuit, i. 349, 

* 353 

Oil gas, ii. 642 
„ of almond, iii. 360 
,, of ben, iii. 4 19 
,, castor, iii. 361 
,, cueoa-nut, iii. 362 
,, coal tar, iii. 561 
,, cod liver, iii. 361 
,, colza, iii. 360 
,, Diiipel’s animal, iii. 580 
,, of ground nut, iii. 392 
„ linseed, iii. 359, 3O0 
,, olive, iii. 359 
,, palm, iii. 362 
,, rock, iii. 581 
,, sperm, iii. 361 
,, whale, ib. 

,, of vitriol, ii. 570 
,, «of wine, heavy, iii. 168 
Oils, drying and non-drying, iii. 358 
,, essential Essential oils), iii. 434 
„ fixed, iii. 354 

,, ,, decomposition of, by steam, iii. 

,375 

Oleates, iii. 421 

Olefiant gas, ii. 627, iii. 190 

Olein, iii. 369, 379 

Olivine, 809 

Oolite, ii. 803 

Opacity, not perfect, i. 122 

Opal, ii. fill 

Opiammon, iii. 285 

Opianine, iii. 277 

Opianyl, iii. 284 

Opium (comi»OBition of), iii. 276 

Optic axis of crystals, i. 148 

n „ rtiation to their 

magnetism, i. 423 

Orcein, iii, 544 
Orcin, iii. 543 
Orcllin, iii. 517 
Organicanalysis, iii. 12 

,, chemistry defined, iii. i. 

„ compounds, components of, iii. 3 
,, „ distinguished from in- 

organic, iii. 4 

tt ft principles of, classifi- 

cation of, iii. 25 
>, ,, synthesis of, iii. 50 

Organig bases, artificial formation of, 

^ 198, 251 > 

,, from alcohol^ iii, 198 

,, from ammonia, ib, 

„ from aniline, iii. 201 

,, natural, iii. 244 


Organic bases, theory of Berzelius, iii. 246 
tt ty I^iebig, iii. 247 

Organized 'bodies distinguished from or- 
ganic compounds, iii. i 
,, ,, instability iih 2 

Organo-metallio compounds, iii. 2i3,e^seg. 
Orpiment, ii. 963 
Osmium, ii. 1075 

,, salts of, ii. 1076 
Osmometer, i. 72 

•Osmose, positive and ne^tive, i. 73 
Osmotic action, laws of, ib, 

Othyl, iii. 31 1, note 
Ovalbumen, iii. 652 
Oxalates, ii. 644 

Oxalic acid, a source of earbonio oxide, ii. 492 
,, dibasic, iii. 423 
Oxamethane, iii. 173 
Oxamide, iii. 240 
Oxanilide, iii. 241 
Oxidation, slow processes of, iii. 42 
„ general results of, ii. 447 
,, favoured by the presence of 

moisture, ii. 448 

Oxides, atomic volume of, iii. 769 
,, general classification of, ii. 447 
,, metallic, decompositions of, ii. 692 
,, ,, estimation of oxygen in, 

ii. 693 

,, „ general properties of, ii. 

689 

„ preparation of, ii. 691 
Oxyacids, ii. 703 
Oxychloride of acetyl, iii. i8o 
Oxychlorides of dibasic acids, iii. 314 

,, monobasic acids, iii. 313 

Oxycobaltia, ii. 857 

Oxygen, determination of, in air, ii. 453 
,, estimation of, in oxides, ii. 693 
,, its magnetic properties, i. 420 

„ i)roportie8 of, ii. 441 

,, preparation of, ii. 442 

„ refractive power of, i. 129 

Oxy hydrogen jet, intense heat of, ii. 471 
Ozone, a modification of oxygen, ii. 449 
,, its preparation and properties, ib. 

Pack PONG, ii. 864 
Palladium, ii. 1068 

,, salts of, ii, 1070 

,, tests of, ii. 1071 

„ cyanide of, iii. 587 

Palmitin, iii. 368, 379 
Pancreatic fluid, iii. 699 
Papaverine, iii. 279, 282 
Paper making, iii. 92 
Papin’s digester, i. 229 
Paraeyanogen, ii. 654 
Paraffin, iii. 551 
,, oils, ib, 

Paralbumen, iii. 657 
Paraldehyd, ui. 134 
Paramorphia (tbabai^), lii. 282 
Paramylene, iii. let 
Paranaphthalin, in. 379 
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PararhodeoiNstin, iii. 5 10 
Parasalicyl, ili. 481 
Parasulphat-ammoB, ii. 773 
Parvoline, iii. 259 

Pattinson’s method of dosilveringIead,ii.994 

Pearlash, ii, 736 

Pearl white, ii.‘ 974 

Peat, iii. 97 

Pectin, iii. 84 

Peotose, iii. 83 

Pegmatite, ii. 828 

Pendulum, length of seconds, i. 25, note 
Pepsin, iii. 698 
PerchloraSlighyd, iii. 185 
Perchlorates, ii. 536 • 

Perchlorokinone (chloranil^), iii. 354 
Percussion caps, ii. 653 
Periodates, ii. 551 
Permanganates, ii. 921 
Persian berries (colouring matter of), iii.51 7 
Peruvine (styrone), iii. 477 
Petalite, ii. 770, 830 
Petinine (tetiylia), iii. 212 
Petroleum, iii. 581 
Petuntze, ii. 830 
Peucyl, iii. 442 
Pewter, ii. 930 
Phenamylole, iii. 570 
Phene (benzole), iii. 564 « , 

Phenetole, iii. 570 
Phenic series, iii, 564 
Phenolo (carbolic acid), iii. 568 
Phenometholo (anisole), iii. 492, 570 
Phenyl, acetate of, iii. 5/13 
,, cliloride of, iii. 570 
,, cuminate of, iii. 563 
,, hydride of (benzole), iii. 564 
,, phosphate of, iii. 370 
Phenyl-acetylia, iii. 263 
Phenyl-ethyl urea, iii. 616 
Phenylia (aniline), iii. 2^^ 

Phenylurea (carbanilamide), iii. 616 
Phloretin, iii. 51 1 
Phloridzin, iii. 511 
Phlorizoin, iii, 512 
Phosgene gas, ii. 541 
Phosphates, ii. 598 
Phosphides of hydrogen, ii. 604 
,, the metals, ii. 702 

Phosphites, ii. 602 

Phosphoinoiydate oi soda, ii. 783, 943 
Phosphorescent bodies, i. 117 
PBosphori, solar, i. 140 
Phosphorite, ii. 804 
Phosphorized organic bases, iii. 208 
Phosphorogenic power of the spectrum, i. 140 
Phosphorus, ii. 59 * 

,, ^ allotropic forma of, ii. 593 
,, chlorides of, ii. 606 

,, diamagnetism of, i. 418 

,, iodides of, ii. 608 

,, oxide of, ii. 604 ^ 

,, oxychloride of, ii. 607 

,, Bulphochioride of, ii. 607 

,, sulphides of, ii. 609 


Phosphuretted hydrogen, ii. 604 

>f ,, bases derived 

‘from, iii. 208 

Photogenic drawing, ii. 1135 
Photographic engraving, ii. 1141 
„ printing, ii. 1135 
Photolithography, ii. 1142 
Photometry, i. 124 * 

Phtljalimide, iii. 231 
Physical states of igatter, i. 3 
Picamar, iii. 555 
Ficoline, iii. 260 
Picroerytlirin, iii. 541 
Picrosmine, ii. 809 
Finite, iii. 70 • 

Pini salty dyer’s, ii. 936 
Pipe-clay, ii. 828 
Piperidine, iii. 286 
Piperine, iii. 286 
Piljcrylurea, iii. 286 
Pitch, iii. 550, 561 
Pitchblende, ii. 867 
Piltacal, iii. 555 

Plants, nutrition of, iii. et seq 
Plaster of Paris, i. 800 
Plasters, iii. 371 
Platinamine, ii. 1066 
Plating, ii. 1030 
Platinic cyanides, iii. 599 
Platinicuin, ii. 1067, note 
Platinucyanides, iii. 598 
Platinode, i. 370 
Platiijopyridiue, iii. 260 
Platinusiun, ii. 10^7, note 
Platinum, alloys of, ii. 1062 

,, ainmoniacal compounds of, ii. 

» o 65 

,, black, ii. io6r 

,, bromides of, ii. 1067 

,, chlorides of, ii. 1064 

,, condensation of gases by, i, 80, 
ii. 1097 

,, estimation of, ii. 1068 
,, fuliuiiiuting, ii. 1067 
,, iodi !es of, ii. 1067 

,, nitrate of, ii. 1067 

,, ore of, extraction of metals from, 
ii. X073 

,, oxides of^ii. 1063 

,, process of working, i. 1060 
,, sulphate of, ii. 1067 

,, sulphides of, ii. 1063 

,, tests for, ii. 1067 

,, wire, production of smouldering 
combustion by, ii. 635 
Platosamine, ii. 1066 
Platosopyridine, iii. 260 
Plumbago, ii. 483 
Plumbates, ii. 1002 

Plumbethyl, hydrated oxide of, iii. 214 
Bneumatic trough, i. 47 
Polarity, and polar forces, i. 264 
Polarization, angle of, i: 151 

,, of light, coloured circular, i. 

158 
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Polarization of light) magnetic) i. i60) 
414 

)) I, plane of, i. 159 

• „ by reflection, i. 154 

,) )^ by transmission) ih. 

Polarized light Light), i. 149 

,, colonrs pirodnoed in, i. iflS 

,) difli^rence from common 

light, i. 153 
Poling of copper, ii. 98^ 

P6/ychrome (esculin), iii. 513 
Polymeric compounds, ii. 627, 654 
PolymerideS) iii. 5 
Populin, iii. 488 
Porcelain, ii. 832 

„ E^aumur’s, ii. 763 
Porosity *of bodies, proofs of, i. 3 
Porphyry, ii. 830 
Portland cement, ii. 795 
Positive and negative electricity, i. 278 
„ photographs, ii. 1135, 1138 
Potash, bicarbonate of, ii. 741 

,, bisulphate of, ii. 729 

,, carbonate of, ii. 730 

„ chlorate of, ii. 534, 736 
„ chromates of, ii. 911 

,) estimation of, ii. 811, 812 

,, hydrate of, ii. 724 

,j nitrate of, ii. 730 

,, perchlorate of, ii. 536 

,, solutions of, table of density, ii. 

725 

,, sulphate of, ii. 729 

,, tests for, ii. 742 

Potassium, bromide of, ii, 729 

,, chloride of, ii. 728 

,, chromicyanide of, iii. 598 

,, , cohaltieyanide of, iii. 597 

,, cyanide of, iii. 582 

,, ,, use in fixing photo- 

graphs, ii. 1140 
,, ferridcyanidc of, iii, 594 

,, feiTocyanide of, ii. 647, iii. 590 
,, iodide of, ii. 728 

,, iridiocyanide of, iii. 600 

, , mellonides of, iii. 603 

,, iMjroxide of, ii. 723 

,, platinio-cyanide of, iii. 599 

,, platinocyanLJe of, iii. 599 

,, preparation of, ii. 721 

,, properties of, ii. 720 
,, protoxide of, ii. 724 

,, silicofluoride of, ii. 729 

,) sulphides of, ii. 726 

,, sulphocyanide of, iii. 600 

Potatoes, iii. 76 

Pottery ware, table of analyses of, ii. 834 
Precipitates, method of collecting, ii. 814 
„ methods of washing, ii. 815 
Prehnite, ii. 830 

Pressure gauge for air-pump, i. 43 c 
), ,, fur condens^ L 255 

,, Influencenf, on afl^lty, ii. 1083 

it standard for comparison of gases, 
h 49 


Printing from a Daguerreotype ii. 1x45 
Prismatic refraction of light, i. 150, 135 
Prisix^ NicoPs, 159, note 
Proof-plane of Coidomb, for electricity, i. 
284 

PTOof?>spirit, iii. 120 
Propionamide, iii. 239 
Propione, iii. 311 
Propio-nitrile, iu. 166 
Propylene^ or tritylene, iii. 190, 377 
» „ iodized, iii. 377 

Protection of ship*s sheathing by voltaic 
means, i. 331 

Proteic compounds, iii. 647 
Protein, iii. 650 

Protoxide of nitrogen, liquid, production of 
intense cold by, i. 254 
Proximate principles, iii. 1 
Prussian blue, iii. 592 

,, soluble, iii. 593 

„ Turnbull’s, iii. 595 

,, Williamson’s, iii. 595 

,, green (magnetic cyanide), iii. 594 
Pseudo-erythrin, iii. 543 

,, orcin (erythro mannite), iii. 542 
Psilomelane, ii. 918 
Ptyalin, iii. 697 
Puddling of iron, ii. 882 
Pulvis fulminans, ii. 736 
Pumice stone, ii. 831 
Pump for raising water, i. 41 
Purple of Cassius, ii. 1059 
Purree, iii. 518 
Purrenone, iii. 518 
Pus, iii. 720 

Putrefaction of animal matters, iii, 648 
Putty powder, ii. 933 
Puzzuolana, ii. 795 
Pyin, iii. 720 
Pyrene, iii. 552 
I^Tidine, iii. 259 
Pyrobenzoline (lophine), iii. 263 
Pyrocatechin (oxyphenic acid), iii. 349, 572 
Pyrogaliic acid, used for absorbing oxygen, 
ii. 478, note 

,, ' for photography, ii. 1140 

Pyrolusito, ii. 918 

Pyrometers, diferent forms of, i. 1 76 
Pyrope, ii. 831 

Pyrophorus, from sulphate of potash, ii. 
727 

,, from tartrate of lead, ii. 1080 
Pyroxanthin, iii. 552 * 

Pyroxene, ii. 809 
Pyroxylic spirit, iii, 125 
Pyroxylin, iii. 87 
Pyrrole bases, iii. 262 

Quabtz, ii. 61 1 

,, circular polarization of, i. 138 
Queen’s metal, ii. 930 
Quercetin, iii. 512 
Quercite, iii. 72 
Quercitrin, iii. 512 
Quercitron bark, iii. 516 
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Quicklimo, ii, 79« 

^inia (quinine), iii. 97a 
Qainicine, iii. 275 
Qainidine, ih. 

Quinoidinei, iii.* 273 
Quinoline, iii. 261 

Baoematbs, artificial formation of, from 
tartaric acid, iii. §33 
Badiation of heat, amount of eolat, i. 197 
, , law of cooling by, i. 202 * 

Badicles, double, of the alcohols, iii. 193 
yy organic, of the alcohols, iii. 191 
»» of the ethers, iii. 29 

„ „ theory of, iii. ^ 

Baewsky’s platinum salts, ii. 1065 
Bancidity of oils, iii. 358 
Bays, chemical, i. 139, ii. 1145 
,, luminoufJ, of spectrum, i. 133 
,, thermic, i. 139 
Bealgar, ii. 962 
Bed antimony ore, ii. 955 
,, dye-stuffs, iii. 518 
,, glass, photographic action of, ii. 1148 
,, lead, ii. looi 
,, silver ore, ii. 1044 
Beducing actions of plants, iii. 723, 726 
Beduction of an ore, ii, 685 
Befracted ray, ordinary and ex|raordinary, 
i. 148 

Befractive power of bodies for light, i. 128 
Befraugibility, unequal, of rays of light, i. 134 
Keinsch’s test for arsenic, ii. 967 
Beiset’s platinum salts, ii. 1066 
Bonnet, iii. 663 

Besidual charge of Leyden jar, i. 299 
Besinein, iii. 501 

Besius, general properties of, iii. 500 
Besist pastes (calico printing), iii. 549 
Besistance coils, i. 356 

,, of the voltameter to the voltaic 
current, i. 354 

Besistances to the voltaic cunvut, i. 343 
Bespiration in man, ii^. 745 

, , oxygen, h ow absorl led in, iii. 746 

, , of carbonic acid, amount variable, 

iii. 747 

,, ,, averv amount 

of, iii. 750 

,, ,, influenced by 

food, iii. 748 
,, proportion to res- 

^ pired oxygen, 
iii. 749 

„ in hybemating animals, iii. 750 
,, quantity of oxygen in twenty- 

four hours, iii. 750 
,, Scharling’s experiments on, iii. 

* > ... , 

Betinaphtha (toluole), iii. 5^5 

Betinasphalt, iii. 97 
Betinite, ih. 

Betinole, iii. 501 

Betinyl (cumole), iii. 501, 565 

Betisterene (metanaphthalin), ilL 580 


Bhatany root, tannin of, iii. 345 
Bhein, iii. 517 

Bheostat, Wheatstone’s, i, 355 
Bhodeoretin, iii. 510 
Bhodium, ii. 1071 

,, salts of, ii. 1072 
Bhubarb, acids of, iii. 334 

,, colouring master of, iii, 517 
Bicinolamide, iii. 362 
Binman’s green, ii.^5l> 

Bipening of fruits, ui. 724 
Boasting an ore, ii. 684 
Boccellinin, iii. 541 
Rochelle salt, iii, 329 
Bock crystal, ii. ^ r i 
„ salt, ii. 745 

„ „ its diathermic power, i. 206 

Bocks, sedimentary, ii. 677 
Roman cement, ii. 796 
Reseo cobaltia, ii. 858 
Bosiu (colophony), iii. 501 
Rouge, ii. 893 
Bubiacin, iii. 522 
Bubian, iii. 520 
Rubiaiiin, iii. 521 
Ruby, ii. 818 
Buhmkorff's coil, i. 399 
Bum, iii. 123 
Ru})ert’s dro])S, ii. 769 
Ruthenium, ii. 1074 
Rutile, ii. 939 

Sabadtllta, iii. 290 
Safety lamp, Davy’s, ii. 636 
Safflower, iii. 524 
Saffron, iii. 516 
Sago, iii. 78 
Sal alembroth, ii. 1017 
Salejj, iii. 78 

Salhydramide, iii. 232, 480 
Salicin, iii. 486 

Salicyl, chloride of, iii. 480, note 
,, hydride of, iii. 479 
,, series of, iii. 481 
Salicylates, iii 482 
Salicylide, iii. 485 

„ of benzoyl, iii. 481 
Saligenin, iii. 486 
Saliretin, ib. 

Saliva^ iii. 697 
Sal prunelle, ii. 732 
Salt cake, ii. 747 
Salt of sorrel, ii. 64 fi 

Salts, action upon salts in solution, ii. 1087 
„ acid, ii. 711, 713 
,, atomic volumes of a solution, iii. 
773 » 774 

,, basic, ii. 716 
,, double, ii. 714 

,, electrical decomposition of, ii. 706, 
• 1110 

„ haloid, ii. 704 

,, nature of, i. 7 

,, nomenclature of, ii. 432 
„ neutral, ii. 709 
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Mts of tvn^ ii. 935 

Saponification, iii. 35<5J 370 

Saponin, iii. 513 

Sappliii;e, ii. 818 

Sarkosine, iii. 62 1 

Scale of hardness, i. 53 

Scales of equivalents, i. r6 

Scales of fish, composition of, iii. 678 

Scheele’s green, ii.'pfii 

Scheelite, ii. 945 

SiCiweinfurth green, iif 961, iii. 41 1 
Scoparin, iii. 267 

Sealing-wax, composition of, iii. 505 
,, electrical power of, i. 273 
Seafis, electrotyping of, li. ^ 1 1 2 7 
Seawater, ii. 461 
Secretion, iii. 756 
Selenaldine, iii. 254 
Seleniates, ii. 589 
Selenic mercaptan, iii. 166 
Selenite, ii. 800 
Selenites, ii. 589 
Selenium, ii. 588 
Selcniurettcd hydrogen, ii. 590 
Sominaphlhalidam, iii. 574 
Separation of bodies by cold or heat, i. 90 
Soralbumcn, iii. 652 
Seri)entine, ii. 809 
Su*jim of blood, iii. 690 
Shainoying of leather, iii. 675 
Shell -lac, iii. 504 
Shells, composition of, iii. 678 
Shot, leaden, ii. 999 
Silica, ii. 61 1 

,, soluble, ii. 613 
Silicates, ii. 615, 738, et seq.f 827 
Silicon, ii. 609 

,, bromide of, ii. 617 
,, chloride of, ii. 616 

,, fluoride of, ii. 617 

,, sulphide of, ii. 616 
Silk, iii. (*8o 
Silver, ii. 1024 

,, acetiuiitrate of, ii. 1137 
,, alh)>fl of, ii. 1032 

,, ammonia, nitrate of, ii. 9^*6 
,, assay of, humid prcfcess, ii. 1035 
,, Augustin'd process of extraction, ii. 

1028, vote ^ 

,, bromide of, ii. 1046 

,, chlorides of, ii. 1044 

,, cupellation of, ii. 1032 

,, cyanide of, iii, 585 

,, estimation of, ii. 1049 

,, extraction of, ii. 1025 

,, fablers, ii. 98 7 

,, fine, preparation of, ii. 104 1 

,, fulminate of, ii. 653 

,, fulminating, ii. 1042 

,, glance, ii. 1043 

,, iodide of, ii. 1045 ^ 

tt ft photographic, use of, li. 

1143 

„ nitrate of, ii. 1046 

„ oxides of, ii. 1042 


Silver, phosphates of, ii. 1047 
,, sulphate of^ ii. 1046 

,, sulphide of, ii. 1043 

„ tests for, ii. 1048 

„ Ziervogel’s process for extraction of, 

ii. 1028, note 
Silvenng, ii. 1030 
Sinapoline, iii, 499 
Sinapine, iii. 497,*»o^d 
Sinkaline, ib. 

^innamine, iii. 499 
Size, iii. 668 
Slaked lime, ii. 792 
Slags, ii. 685 
Slate, varieties of, ii. 831 
Smalt, ii*. 855 
Smelting of copper, ii. 977 
,, iron, ii. 872 

,, lead, ii. 993 , 

Snuff, preparation of, iii. 268 
Soap, iii. 370 
,, lime, iii. 373 
,, manufacture of, iii. 371 
„ mottled, iii. 372 
,, yellow, ib. 

Soaps, hard and soft, iii. 371 
Soda, ii, 743 

„ ash, manufacture of, ii. 750 
,, bicarbonate and sesquicarbonate of, 

'n. 754 

,, bisulphate of, ii. 749 
„ carbonate of, ii. 753 
„ estimation of, ii. 81 1, 812 
,, hyposulphite of, ii. 575 
,, motautimoniate of, ii. 954 
,, nitrate of, ii. 749 
,, phosphates of, ii. 755 
silitaies of. ii. 757 

,, solutions of, table of sp. gr., ii. 744 
,, sulphate of, ii. 746 
, , suljihate, electrolysis of, ii. x 1 1 1 
,, sulphites of, ii. 749 
,, tests for, ii. 769 
,, water, ii. 475 
Sodium, ii. 743 

,, alcohol, iii. 149 

„ bromide and iodide of, ii. 746 

,, chloride of, ii. 744 

„ Bulphionidc of, ii. 1112 

Soils, general nature of^ iii. 728 
Solder, plumber’s, ii. 930 
Solidification of gases, i. 253, 257 

,, heat emitted during, i, 220 
Solubility of gaseh in water, i. 78 

,, influence of heat upon, i. 66 
Solution, diflerence between it and chemi- 
cal combination, i. 13, 65 
Sorbin, iii. 72 

Sound, analogy of its mechanism '«^ith thx^ 
of light, i. 118 

,, propagated by undulations, i. 119 
Sparteia, iii. 266 
Spathic iron ore, ii. 871 
Specific electrical induction, i. 297 
electricity, ii. 1X93 
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Specific gravity, i. 2^ 

,, of gases, 1. 29, 18 1 

,, of liquids, j. 28, 31 

,, of solids, i. 29 

,, of vapours, process for, i. 

184 

Specific heat, i. 211 » 

„ aid in fixing equivalents, ii. 
iT 5 J[ 

,, altered by compression, i. 213 

,, of liquids greater than of 

solids, i. 215 ‘ 

,, relation to the chemical equi- 

valent, i. 216, Hi, 784 
„ arises witli the temperature, i. 

215 

Spectrum, chemical actions of, ii. 1147 
,, photographic properties of, ii. 

1145 

,, solalr, i. T34 

Specular iron ore, ii. 870 
Speculum metal, ii. 931 
Spehs, ii. 855, 863 
Spelter, ii. 844 
Spermaceti, iii. 364 

Spheroidal state of liquids, by heat, i. 259 
Spinello, ii. 819 
Spirit of wine, iii. itg 

,, from bread, iii. 114 

Spirit pyroxylic (wood spirit), i'A. .125 
Spodumene, ii. 770 
Sponge, iii. 680 

Spongy platinum, action of hydrogen on, 

i. 80 

,, ,, application to chemical 

decomposition, ii. 1097. 
„ „ mode of prejjaring it, 

ii. io( 5 o 

Stalactites, ii. 802 

StaTuhird pressure for gases, i. 27, 49 

solution of salt for silver assays, 
ii, 1036 

,, temperature for gascvs, i. 180 
,, temperature (Franei*), i. 27, note 
Standards of weight and measure, 1. 25 
Stannates, ii. 933 

Stannethyls, various forms of, iii. 214 
Stiirch, iii. 72 

,, method of using as test tor iodine, 

547 . . , ... o 

,, occniTencc <if, in animals, ly. 70 
,, potato, iii. 76 

rice, iii. 77 

,, sugar, iii. 58 
,, wlieat, iii. 7 ^ 

Steam-bath, i. 221 
„ jet, i. 234 
,, latent heat of, 1. 232 
„ pfoduction of electricity by, i. 310 
„ temperature of, at high pressures, 
i. 228 

Stearates, iii. 393 
Stearin, iii. 367, 379 
Stearomannites, iii;, 3^4 
Stearopten of oils, iii. 436 


Steatite, ii. 809 
Steel, blistered, ii. 885 
,, cast, ii. 887 
,, natural, ii. 885 
,, shear, ii. 887 
,, tempering of, ii. 888 
„ tilted, ii. 887 
St. Elmo’s fire, i. 314 
Stibethyl, or stibiotriethyl, iii. 226 
Stibiotetrametliylium, iii. 227 
Stibiotrl methyl, iii. 227, 

Stuk lac, lii. 504 
Stilbite, ii. 830 
Stilbyl, iii. 467 

,, chloride of, iii. 469 
Still and worm Mb, i. 235 
Stonewaic, ii. 833 
Storax, iii. 478 
Strati tication, ii. 677 
Stream tin, ii. 925 

Strikbig distance for electric discharges, i. 
306 

Strontia, ii. 789 

,, estimation of, ii. 813 * 

,, salts of, ii. 790 
Strontium, ii. 789 
Strychnia, iii. 287 
Stucco, ii. 801 
Styracii), iii. 478 
Styrone, iii. 477 
Styrole, iii. 478 

Submarine telograidiic conducting wire, i. 

.393 

Subsalts, ii. 716 

,, electrolysis of, ii. 1115 
Substitution, la. 44 

,, of ch lorine for hydrogen, iii. 45 

,, of i)eroxide of nitrogen for hy- 
drogen, iii. 49 * 

Succinate of methyl -salicyl, iii. 485 
Succinates, iii. 426 
Succinamidc, iii. 241 
Succinic ovychloride, iii. 426 
Succinimide, iii. 243 
Sucrose (cane sugar), iii. 54 
Suet, iii. 364 

Sugar, acLion on polarized light, i. 158, iii. 

61 

,, beet-root, iii. 64 
„ cane, iii. 54»^7^ 

„ diabetic, Hi. 59 

,, estimation of, iii. 60 
,, fermentation of, Hi, 108 
„ grape, iii. 58, 71 
„ in liver, iii. 59, 710 

,, manufacture of. iii. 62 

,, maple, iii. 63 

,, milk, Hi. 67, 71 
,, production of, in urine by irritation 
of fourth ventricle, iii. 59 
,, nitrous derivatives 0^ iii. 91 
refining, iii 64 
,, starchy iii. 58 
„ varieties of, iii. 53, 71 
Sulphsimmonates, ii. 580 
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Sulphantunoniates, ii. 956 
Sulphatammon, ii. 773 
Sulphate of soda, anomalous solubility of, 
i. 66, U. 747 
Sulphates, ii. 574 
Sulphazates, ii. 580 
Sulphazites, ii. 580 
Sulphazotates, ii. 580 
Sulphethylates, iii. 143 
Sulphides, ii. 583, 694 
^ ,, double, ii. 695 

,, estimation of sulphur in, ii. 697 
,, metallic, preparation of, ii. 696 
Sulphion, ii. 1112 
Sulphites, ii. 565 
Sulphobenzide, iii. 566 ‘ 

Sulphocyanides, iii. 600 
Sulphocyanogen, ii. 6 $6 
Sulphonaphthalin, iii. 574 
Sulpho-salts, ii. 709 

Sulphovinates, or sulphethylates, iii. 143 
Sulphur, ii. 558 

,, bromides of, ii. 587 
,, chlorides of, ii. 586 
,, compounds with oxygen, ii. 562 
,, density of its vapoui, ii. 558 
,, estimation of, ii. 697 

,, flowers of, ii. 538 

raodifications of, ii. 560 
,, iodide of, ii. 387 
Sulphuretted hydrogen, ii. 580 
Sulphuric acid, anhydrous, ii. 372 
,, Nordhausen, ii. 371 
,, process of manufacture, ii. 

368 

,, purification of, ii. 373 
„ table of densities, ii. 570 

,, theory of its formation, ii. 

367 

,, various hydrates of, ii. 371 

Sumach, tannin of, iii. 343, 346 
Sumaching of leather, iii. 673 
Sweat, iii. 718 
Syenite, ii. 830 
Symbols, chemical, i. 22 
Synaptase (emulsin), iii. 455 
Syphon, i. 43 

Table of absorbability of different kinds of 
heat, i. 2S4 

„ absorption of gases by charcoal, 

i. 79 

„ artificial bases, iii. 206 

,, alcobpl, heterologous derivatives 

of, iii. 428 

,, alcohol radicles, iii. 1^4 

„ „ strength of, iii. 814, 813 

„ alcohols, iii. 27, 119 

,, aldehyds, iii. 130 

,, allylic series, iii. 500 

,, ammonia, Bolatioii, strength of, 

ii. 3*4 •' 

,, anhydrides of organic acids, iii. 

3157 3*7 

, , aqueous vapour, tension iii. 8 13 


Table of artificial fats,' iii. $79 

„ atomic heats of compounds, iii. 787 
^4i elements, iii, 783 

,, atomic volumes of carbonates, sul< 
phates, nitrates, and chlorides, 
iii, 770, 77L 77» 
atomic volumes of compound 

liquids, iii. 776 

,, atomic volumes of elemeutary 

gases, iii. 739 

,, atomic volumes of elemental y 

solids, iii. 764 

,, atomic volumes of oxides, iii 
769, 770 

, , atomic volumes of salK in s< diitiou , 

• iii. 774 

„ atomic weights, i. 17, ii. ir6r 
„ Baum6’s hydrometer, iii. 807 

,, benzoic series, iii. ^53 

,, benzole, homdlogues of, iii. 363 

,, blood, composition of, iii. 689 

,, boiling point, influcnoo of Ralt*! in 
Solution on, i. 225 
,, ,, of water under dif- 

ferent ])ressures,i. 
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boiling points of organic liquids, 

iii. 779-78^ ' 

„ i. 222 

Maes, &o., composition of, iii. 677 
capillarity of liquids, i. 6r 
centigrade thermometer, values iu 
®-F., hi. 81 r 
clay, analyses of, ii. 829 
coals, analyses of, iii. 100 
compressibility of liquids, i. 34 
conducting power of solutions for 
electricity, i. 365 
conducting power for heat, i. 188 
decrease of temperature in air at 
increasing altitudes, i. 214 
density of air at increasing alti- 
tudes, i. 51 
diathermacy, i. 207 
diffusion and effusion of gases, i. 84 
,, of liquids, i. 69 
Dutch liquid and hydrochloric 
ether, compared, iii. 47 
efflux of liquids, i. 77 
elasticity of gases of high pressure, 
i. 36, note 

elasticity of vapour under intense 
pressure (Latour), i. 256 
electrical conducting power of 
metals, i. 361 
electrical insulators, i. 275 
electro-chemical oxder of elemen- 
tary bodies, i. 329 
equi-diffusive groups, i. •fo 
equivalents of elements, i. 17, if!^ 
1161 

essential oils, iii. 448 
ethers, chlorinaiedi, iii. 181 
ethylic, iii, 162 

,1 ine^ylie and other, iii. 178 
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Table of elVaporation, rate of, i. -245, 249 
expansion of gases, i. 1 70 
i> liquids, i. 168 

„ „ solids, i. 166, 175, 

iii. 767 , 

,, fatty acids, iii. 387 

,, fusing points, i. 219 

,, gelatigenous tissues, iii. 665 

,, Gerhardt’s equivalents, ii. hi 61 
,, glass, analyses of, ii. 760 • 

„ grain, analyses of, iii. j 1 1 
, , grammes in grains, iii . 809 
,, Greenwich factors for wet-bulb 

Hygrometer, i. 251 ^ 

, , heat evolved during basic sul >stiiu- 

tiona, iii. 804 

,, ,, by combination with 

^ chlorine, bromine, 

and iodine, iii. 794 
,, ,, during combustion in 

oxygen, iii. 793 

,, ,, during metallic pre- 

cipitations, iii. 802 
,, heat in conductors developed by 
electricity, i. 30 r 

,, homologous series, iii. 32, 33 

,, horny matter, composition of, in. 

* 

,, hydrocarbons from the alcohols, 

iii. 189 

,, hydrochloric acidi strengths of, ii. 

524 

,, increase of mean dilatation by 

boat, i. 175 

,, iron cast, analysis of, ii. F80 
,, isologous groups, iii. 430 

,, isomorphous groups, i. no 

,, kakodyl series, iii. 221 
,, latent boat of liquids, i. 2 18 
,, „ vnpour.s, i. 231 

„ lichen compounds, iii. 5^1 
,, liquefaction of gases, '.257 
,, magnetics ami diamogneties, i. 42 1 

,, malleability and <Uietility, ii. 669 
,, metals, classification of, ii. 437 

,, ,, fusibility of, ii. 671 

,, ,, specific gravity « li. 671 

,, ,, tenacity of, ii. 6,67, h68 

,, millimetres in inches, iii. 8 to 
,, milk, conii )sition of, iii. 696 
,, naphthalin, chlorides of, iii. 577 
„ nitric acid, sp. gr. of, ii. 503 
,, oleic series, aoid^s of, iii. 418 
,, opium bases, iii. 276 

,, oxalic series, acids of, iii. 423 
,, oxychlorides of organic acids, iii. 
3 i 3 » 314 

„ plfeuic acid derivatives, iii. 570 

,, polymeric hydrocarbons, ii. 654 

,, porcelain, analysis of, ii. 834 

„ potash solutions, strength of, ii. 72 5 
, , proteic group, composition of, iii. 65 1 

,, refractive powers, i. 129, 133 

,, salicylic series, iii. 481 

„ soda solutions, strength of, ii. 744 


Table of solubility of gases, i. 78 

„ specific elecineal induction, i. 298 
I) ,, electricity of elements, ii. 

1123 

, , specific gravity of certain gases,!. 183 

,, ,, compound gavses 

• and vaiKmrs, 
iii, 760 

}) • elementary giscs 

an<l vapoui’s, 
iii. 759 

,, specific heat of bodies, both in solid 
and liquid state, i . 2 1 5 
,, • rise of, with rise of 

temi>crature, i. 215 
„ ,, of solids, i. 2 13; iii. 786 

,, steam, latent and sensible heat of, 
i* 2.^3 

„ „ temperature of, at i'igU 

]>ressures, i. 228 
,, stearic acid serioH, iii. 392 

,, sugars, iii. 52, 71 

. ,, sulphides soluble iu hydrosulphate 

of ammonia, ii. 695 
,, sulphocyanides, iii. 601 

,, &ul]>huric acid, strength of, ii. 570 

„ bynip, density of, cMorent viyrie- 

tics, iii. 109 

,, tem])eiaturc, various points of, i. 
178 

,, theuno-eh'ctric order of metals, i. 
409 

,, transpirability of gases, i. 86 

,, Twaddell'b hydrometer, iii. 808 

,, uric acid ^ories, iii. 631 

,, vap(*ur^, tension of, i. 242 

,, vini<* a^’ids iii. 141 • 

,, weights aud incasureKS, English, iii. 

808 

,, weights, French, iii. 809 

,, wines, iii. 125 

TalWypc process, ii. 1 136 
Talc, ii. 809 
Tallow, iii. 364 
Tangent galvanometer, i. 379 
Tannin, varieties of, iii. 345 
Tanning, process of, iii. 671 
Tantalum (columhiudf), ii. 941 
Tapioca, iii. 78 
Tar, coal, iii. 560 
,, wood, iii. 550 
,, shale, iii. 580 
Tartar, cream of, iii. 329 
,, emetic, iii. 328, 330 
„ soluble, iii. 330 

Tartrates, iii. 328 
Taurin, iii. 706 
Tawing of leather, iii. 674 
Tea, black and green, iii. 297 
Teaplant, constituents of, iii. 296 
Teeth, composition of, iii. 677 
Telegraph wire, how charged like Leyden 
Jar, i* 393 

Telluretiiyl, iii. 100, 215 
Tellnretted hydrogen, ii. 977 
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Tellurium, ii. 970 

,, tests for, ii. 972 
Temperature of air, diminished by eleva- 
tion, i. 214 

,, distinguished from heat, i. 164 
,, its iuduence on affinity, ii. 

1107 ^ 

Tempering of steel, ii. 888 
Tep»)iantite, ii. 987 

Tension of vapours, Dalton’s law of, i. 241 

Terbium, ii. 843 

Terel)ene, iii. 440 

Terebenes (camphogens), iii. 437 

Terebenthene, iii. 439 

Terebilene, iii. 442 

Teropiammon, iii. 285 

Terpine, iii. 438, 442 

Terpinol, iii. 438, 442 

Terstoarin (tristeasin), iii. 381 

Test papers, coloured, uses of, i. 6 

Tetramethylium, iii. 210 

Tetrethylium, iii. 21 1 

Tetrethylurea, iii. 616 

Tetryl (butyl, valyl), iii. 195 

Tetryl-amyl, iii. 194 

Tetryl-hexyl, iii. 194 

Tetrylcno (butylene, oilgas), ii. 643, iii. 190 
Tefrylia (butylamine), iii. 212 
Thebaia (paramorphia), iii. 279, 282 
Theine (caflfeine), iii. 201 
ThSnard’s blue, ii. 850 
Th^nardite, ii. 747 
Theobromine, iii. 397 
Theory of salts, ii. 702 
Thermochroais, i. 208 
Thermo-electric battery, chemical effects of, 
i. 410 

,, ,, compared with vol- 

taic currents,!. 409 
„ order of the metals, i. 409 

Thenmo-electricity, i. 407 
Thermometert-, centigrade, table of, iii. 81 1 
,, different forms of, i, 174 
, , principle of graduation, i. 1 7 1 

,, various scales of, i. 172 
Thcrmoraultiplier, i. 410 
Thialdin^, iii. 254 
Thionurates, iii. 638' 

Thiosinnamine, iii. 498 
Thorinum, ii. 842 
Thorite, ii. 842 
Thunder, i.»3i2 
Thymene, iii. 446 
Thymoile, iii. 447 
Thymoilolc, ib. 

Thymole, iii. 446 
Tin, alloys of, ii. 930 
„ chlorides of, ii. 935 
,, estimation of, ii. 937 
,, extraction of^ ii. ^26 
,, foil, ii. 928 

,, general properties of, ii. 928 
,, ores of, ii. 925 
„ oxides of, ii. 931 
„ stone, ii. 925 


Tin, sulphides of, ii. 934 
„ tests for, ii. 936 
Tin-plate, ii. 929 
Titanium, ii. 938 

,, bichloride of, ii. 940 
bisulphide of, ii. 940 
,, estimation of, ii. 940 
Tobacco, iii. 267 
Toluidine, iii. 203, 259, 467 
Toluole, iii. 479, 565 
Topaz, ii. 822 

Torpedo, electric phenomena of, i. 411 
Touch needles for assayers, ii. 1054, note 
Touch stone ii. 1054, note 01*' 
TourmaliSe becomes electrical by heat, i. 

,, its polarizing action on light, 

i. 150 

Trachyte, ii. 830 
Trade winds, i. 194 

Transfer of elements during voltaic action, 
i. 324, ii. 1 1 15 

Transparency not perfect, i. 122 
Transpiration of gases, i. 84 
,, of vapours, i. 87 

Trap, ii. 830 
Travertine, ii. 803 
Trteetylia, iii. 212 
Trichlorfte'etamide, iii. 239 
Tnchloraldehyd (chloral), iii. 183 
Trichloraniline, jii. 41, 258, 536 
Triethylia, iii. 21 1 
Triethylophenylinm, iii. 201 
Trimethylia, iii. 210 
Trimorphisin, i. lt2 
Tristearin (terstcarin), iii. 381 
Trisuccinamide, iii. 242 
Tritylene, or propylene, iii. 190, 377 
Tritylia (propylamine), iii. 212 
Trommer’s test for diabetic sugar, iii. 717 
Trona, ii. 754 
Tufa, ii. 803 
Tungstates, ii. 946 

,, atomic volume of, iii. 771 

Tungsten, ii. 945 

chlorides of, ii, 947 
,, sulphides of, ii. 947 

,, ^ tests for, ii. 947 

Turkey red dye, iii. 547 
Turmeric, iii. 516 
Turner’s yellow, ii. 1003 
Turpentine, Chian, iii. 438 

,, circular polarization of, i. 158 

,, oil of, iii. 438 

,, oxide of, hydrated, iii. 443 

,, Venice, iii. 438 

Turpeth, mineral, ii. 1021 
Turquoise, ii. 826 
Tutty, ii. 849 
Type metal, ii. 950 
Types, chemical theory of, iii, 37 
Tyrosine, iii. 627 

Ulmin, iii. 94 
Ultramarine, ii. 837 
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Undulations of light, frequency in different 
colours, i. 142 
,, mechanism of, i. 122 
Undulatory hypothesis of light, i. 118 
Unit jar, i. 295 
Uramil, iii. 638 
Uranite, ii. 867 
Uranium, ii. 867 

,, estimation of, ii. 876 

,, salts of, ii. 868 

,, tests for, ii. 869 

Urates, iii. 630 

,, variation in quantity in urine, iii. 

-• 713 

Urea, iii. 609 

,, artificial production of, iii. i75» 

,, compounds, with salts and with 
metallic oxides, iii. 612 
,, compdhnds with nitrate of mercury, 
iii. 612 

,, formation from albumen, &c., iii. 646 
,, Liebig’s process for estimating, iii. 
613 

Ureas, compound, iii. 175, 615 
Ureides, iii. 617 
Urethane, iii. 174 
Uric (xanthic) oxide, iii. 642 
Uric acid, derivatives of, iii. 631 
Uril, iii. 632 

Urinary calculi, iii. 715, 716 
,, deposits, iii. 714 
Urine, albuminous, iii. 718 
,, diabetic, iii. 717 
,, normal, iii. 71 1 
,, of animals, iii. 'jil 

Valebalpehti), iii. 139 
Valeramide, iii. 239 
Valerone, iii. 31 1 
Valeronitrile, iii. 239 
Valerureide, iii. 617 
Valonia, iii, 345 
Valyl (tetryl, butyl), iii. 195 
Vanadiateg, ii,. 948 
Vanadium, ii. 947 

,, chlorides of, ii. 949 

, , sulphides of, ih, 

,, tests for, ib. 

Vanning, ii. 683 

Vapours of fat^ ’ acids, anomaly in their 
volume, iii. 388 

,, point of maximum density, i. 242 
„ their relation to gases, i. 251 
Vari.ation of the compass, i. 270 
Varnishes, iii. 502 

Vegetable alkfdoids {see Organic Bases), 
iii. 244, seq. 
cell, functions of, iii. 721 
,, colours, action of spectrum on, 
ii. 1 149 

Vegetables, their deoxidizing actions, ii. 481 
Velocity of electricity, i. 304 
Velocity of electricity, Wheatstone’s mea- 
surement of, i. 304 
,, of light, i. 141 


Ventilation, i. 193 
Veratria, iii. 290 
Vermilion, ii. 1614 
Vertidine, iii. 580 

Vibration, mechanical power of, i. 12T 
Vinegar, manufacture of, iii. 404 
Vinic acids, iii. 28, 141 
Viscosity and limpidity, i-^ 55 
Visual impressions, duration of, i. 123 
Vitellin, iii. 658 • 

Vitreous and resinous electricity, i. 274 
Vivianite, ii. 902 
Volta-electric induction, i. 396 
Voltaic arc, i. 366 
Voltaic battcryt Bunsen*s, i. 342 
,, ,, Causes of decline in power, 

i. 338 

„ „ DanieH’s, i. 339 

„ „ Grove’s, i. 34 1 

,, „ Smee’s, i. 342 

,, ,, what the most effective 

combination, i. 355 
„ circuit, i. 317 

,, circuits, simple ahd Compound, 

i- 345 . 

„ ,, with one metal and two 

liquids, i. 333 

„ conduction, measurement of, i. 360 
„ cun*ent, defined, i. 326 * 

, , , , chemical action of, i. 3 50, 368 

„ ,, its dii*ection, i. 328 

,, n influence on a magnet, 

i. 318 

,, ,, requisite conditions to pro- 

duction of, i. 335 

,j electricity, elementary facts of, i. 
316 

local action, i. 327 • 

,, pile, i. 321 

polarization precedes the current, 
i. 326 

Voltameter, i. 352 
Voltatype, ii. 1124 
Vulcanized caoutchouc, iii. 508 

Wad, ii. 919 

WaMuing buildings by hot water, i. 192 
,, ,, by steam, i. «2i 

Washing of metallfc ores,.ii. 681 
Water, analysis of, by electricity, ii. 463 

,, by potassium, and by 
iron, ii. 463 

,, anomalous expansion of, by heat, 

i. 179 

„ barometer, i. 42 

^ „ battery, i. 377 

, , composition of, experiments of Dumas, 

ii. 470, 1157 

,, decomposition of, by electricity, ii. 

463, 1 1 13 

>1 » by high tempera- 

ture, ii. 1107 

„ dastic force of vapour under great 
pressures, i. 255 

„ freezing of, in red-hot capsule, i. 262 
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Water, freezing of, by its own evaporation, 
i. 229 

,, functions of, in combination, ii. 

•457, 707, 713 

,, general properties and uses, ii. 457 
,, hard and soft, ii. 46 t 
,, maximum density of, i. 180 
„ natural varieties of, ii. 458 
,, of crystallization, ih, 

saline or constitutjional, ii. 713 
synthesis of, ii. 406 
,, ♦weight of cubic inch of, i. 25 
Water-oven, i. 221, iii. 6 
Wavellite, ii. 826 
Wax, bees’, iii. 365 
,, Chinese, iii. 366, note 
Weights, English and French, i. 24 

,, comparative tjiblcs of, iii. 808, 
809 

Weld, colouring matter of, hi. 517 
Welding, i. 56 ; ii. 672 
White flux, iii. 329 
,, lead, ii. 1006 
,, precipitate, ii. 782, 1019 
Wines and spirits, iii. 123 
Witherite, ii. 788 
Woad, iii. 528 
Wolfram, ii. 946 
Woody decay of, iii. 95 

,, products of distillation of, iii. 550, 

et mj. 

Wood spirit, iii. 125 

Wootz, ii. 887 

Woulfe s apparatus, ii. 515 


Xaxtheinb, iii. 546 
Xanthic (uric) oxide, iii. 642 
Xanthin, iii. 546 
Xanthorhamnin, iii. 518 
Xylidine, iii. 259 
Xyloid'n, iii. 91 
Xyloie, iii. 565 

Yeast, composition of, iii. 107 
,, development of, iii. 106 
,, sediment, iii. 105 
,, surface, iii. 105 
Yellow dye stuffs, iii. 516 

Zaffhe, iif 851^ 

Zamboni’s pile, i. 376 
Zeolites, ii. 829 
Zinc, ii. 844 
„ carbonate of, ii. 850 
,, chloride of, ii. 849 
,, cyanide of, iii. 585 
,, estimation of, ii. 851 
,, sulphate of, ii. 850 
„ sulphide of, ii. 849 
,, tests for, ii. 850 
,, white, 848 
Zinc-amyl, iii. 219 
Zinc-ethyl, iii. 217 
Zinc-motlijvl^riii* 

Zincodc, dclined, i. 370 

,, hotter than platinode in voltaic 
arc, i. 368 
Zirconia, ii. 841 
Zirconium, ii. 841 


THE END. 
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ADDITIONAL CORRECTIONS IN PART I. 

Page 1 66, 4 lines from top, for 3j[6, read 416. 

M ^ 33 > 9 M )) n €>‘044, it 0-00146. 

>> »» 10 ,, ,, ,, o‘i8 „ 0*00603. 

it 242, 2 ,, bottom of table, for 4*67, read 4*76. 

it i* 4 n if it ,, 8*14. 

)> it ^2 ,, ,, ,, 40*19, ,, 42*19. 

,, 400, 7 ,, bottom, M ,, if, 

ft 407, T 7 ^nd 22 lines from top, for elecfromagneiiCf read m^ncio electric. 

ADDITIONAL CORRECTIONS IN PART II. 

Page 652, 8 Ifties from top, at beginning of line, for i, read 3. 
j» 726, 2 ,, bottom, ,, KO, SO^, read KO, SO,. 

>1 773 > 9 tf ft Si,{teT distillation^ inseTt of oxalate, 

it 779> 3 f» top, for 2 [at beginning of line], read 3. 

,, 780, II ,, „ „ arCf read afford. 

ft ,, 13 ft bottom, substitute the following equation for the one given : — 

6 (CuCl, 3 H,N) = 3 Cu,Cl + 3 H,NC 1 + 1 4 1 I,N + N. 
it t4 »» bottom, for 56*74, read 55*74. 

.. 852, 7 „ top, • ^47, <537. 

ii ti ^5 a it tt 72 ‘ 7 » it 7 ** 7 * 

,, 956, last line, after distilling ^ dele 8 imrtsof. 
ft 1054, II lines from top, for 16, read 32. 

,, 1066, 9 ,, bottom, ,, diplaiosaminCf read diplatinamine. 

a 1067, 7 ,, ,, ,, PtH,NCl, „ PtH,NCl,. 

CORRECTIONS IN PART III. 

Page 4, 1 1 lines from top, for substituted for a portion of the hydrogen oft read 

introduced into. 

tt 29* 9 a bottom, ft (C4H3, 0 ,H,), re^^ (C,IIg, 0 , 11 ,). 

,, 41, 6 ,, top, ,, CjgHgNOg, ,, Cj^IIgNO, 

i> 45» 20 ,, bottom, ,, C^HjjN, ,, C„H|jN, 

tt 5 ^t 9 it top ,, takes place f ,, is formed. 

it 59 > ^ it bottom, ,, (3 HO, CiglljO,), read (3 HO, C,^H|jOj,). 

,, 69, 10 ,, ,, before citraconic insert anhydrous.^ 

it 7 ^t 3 it tt fnr Cj^HjgOj,,' 5 HO, read Cg^HigOj,, 5 HO. 

,, 72, 9 ,, ,, tartrate of ])otashf ,, tartrate of copper, 

ti ^39» 2 ,, ,, „ groups of acidSf ,, group of acids to which it 

• belongs, 

tt 1437 19 t» M M (CaO, HO, C^HgO, S, 0 „ 2Aq), read (CaO, C\H, 0 , 

S, 0 „ 2 Aq). 

„ 162, 16 ,, ,, dele 214. 

„ „ ^ ,, ,, for 0*965, read 0*975. 

,t „ 12 ,, „ ,, 608, „ 662. 

it it 4 >> tt it I’®229, ,, ^*0929* 

,, 170, 7 ,, top, ,, silicic ether f TGfkd disilicate of ethyl. 

„ 172, 20 ,, bottom, „ 1*0229 „ 1*0929. 

it i 73 > 5 i> top, fr-nnula for alcohol, 2 (C4HO, H, 0 ), read 2(C4H,^O,H0). 
,, ,, 20 ,, bottom, for 0*965, read 0*975. 

^ 175, n ,, ,, ,, 2 C4H5O, C,NO, ,, 


2 ‘(CJI, 0 , C,NO). 
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Page 175, 8 lines from bottom, for 2 C,NO, read 2 (C,II, 0 , C,NO). 

>» »» 5 >1 >j >» ^ >> ^ CjNO)* 

f f 1 80, 21 , , , , 1 1 4 6 HO. 

9 >> >» n 0411,0130, ^ ,, C4H3OI3O. 

,, 182, 6 ,, ,, ,, 3 HO, ,, 2 HO, 

„ ,, last linef „ KOI, „ HOI. 

,, 184, 1 1 lines from bottom, ,, C4CI, HO, ,, C4C13H03. 

185,18 ,, top, „ (at end of line) 2 01, read 2 00. 

,, ,, 24 ,, ,, ,, 3 HO, read 2 HO, 

,, 187, II ,, bottom, ,, /lomolof/ue, read analogue. 

,, 190, 17 ,, „ ,, ef/ii/l • „ elayl. 

,, 191, 6 ,, tbp, ,, iodide of zinCf rea;\ iodide of amyl, 

>> 3 >> >» jt 0,,H|yN, ,, C33H3|N. 

,, 212, 19 ,, ,, ,, CjgOjjHgN, ,, OjqHij, HjN, 

>> '2I3> 4 M ,, „ alcohol f ,, sodium-alcohol, ^ 

,, 216, 24 ,, bottom, ,, electropositive^ ,, electroneqative. 

» ^18, 6 „ top, „ (04H3,ZnO), „ (C4H30,Zn0). 

,, 224,19 „ bottom, „ 4(C4H3 As) 0, „ 4 (C4H4)As0. 

„ 6 ,, ,, omit I in tbe formula. 

,, 262, i6 ,, ,, for 2 (OjjHg^Og) ,, 2 (OjjHgNOg). 

,, 266, II ,, top, after (OjfcH, 4) insert N. 

,, 290, 3 n j» Og4H5,N30g, read Og4H33NgOig. ^ 

if 304, 2 ,, ,, instead of the formula fur acetonic acid, rmid [2 HO, 

O3HO3), 2 CgHgO,]. 

a 3^2> ^5 . it it it 2 HO, O34H33O33, read 2 HO, O34H3QO33. 

„ 324, first line, „ OuO, O^gHj^O.^,, 4Aq, read 2CuO, 0„H,oO,o, 4Aq. 

it 334t ^9 if top> a tartraliCf read tartrelic. 

,, ,, ,, ,, ,, taHrcUc, ,, tartralic, 

M 335i i> >» first word, for waiewe, read maZie. 

i i 345> 8 „ bottom, and p. 349, 7 lines from top, for CgeHjgOjo, read CggHjgO.o. 

f» 35t>, 3 ,, top, the bracket is misplaced ; tbe formula should be [2(K0, 2 HO, 

0,411,0,) + 3110, C,4H,0„ 2Aq]. 

,, 352, 10 ,, top, de\e isomeric with ellayic acid ; it is. 

,, 387. The formula) of all the acids in the third column of the table, except the oxalic, 
should contain H, more than is given. 

,, 414, 9 lines from top, for this formic, read thioformic, 
n 453 j 13 it bottom, for BzH, 2 (HO, BzO), read 2 BzH, (HO, BzO). 

„ 454, 10 „ top, „ C,4H3, HjN, „ C,4H„ H3N. 

>» 46.3, 9 >» bottom,,, H0,C,4H4(H,N)30, „ HO, G,4H4(H3N)0,. 

4^7 j a * top, ,, Cj4H,N, ,, C,4H,N. 

,, 481, The formula for gaultherate of fhethyl in the table is transposed ; it should be 
C3H3O, C,4H4(C3H,)03. 

,, 485, 22 lines from bottom, HO, C,4H,N0„ read HO, C^HgNO,. 

,, 527,20 „ top, forHO, InOg, ,, HO, In, H, O3. 

it 538,18 ,, bottom, „ HO, CggHjgO,,, read HO, CggHjgO,.. 

>, 572, 5 ,, „ it read iron, 

ti 59s • table, the Une of formula) for ferrideyanide of potassium and barium should 
be KBagCjgNgFe, ; 6 HO, KBa,, Fdcy, 6 Aq. 

,, 645, 22 lines from top, dele (he. 

a 75^, 4 ,» bottom, for al^t, read more than. 

ff 761, top of table opposite hydrocyanic acid, for 14 read 13*5. 

,, 762, opposite bisulphide of carbon, ,,40 ,, 38. 

»» ,, ,, fluoride of boron, ,, 34*9 ,, 39*4. 


tt a 


scsquichlor. carbon, liquid, 


»» 2 ** 


4 



The Binder in requested to cancel pp, 255 , 2 ^ 6 , 
Part /., and substitute the leaf here (jiven. 




failYtii® of marriottk’s law at great pressures. 255 

of small air-gauges, which he enclosed in the tubes employed for the 
condensation (fig. t2o). These gauges consisted of a somewhat 
conical capillary tube of glass, which was divided into parts of equal 
capacity, by introducing iritq the tube a globule of mercury, shown 
at a, which was made to occupy each part of the tube in succession ; 
the length of the little cylinder into which the mSreury was re- 
duced in each portion of the tube was marked upon the glass wiith 
black varnish. The mercury was then transferred towards the 
widest extremity, and the tube was sealed at its narrow end. A 
known volume of air wsgs thus included, and Jjy the compression 
which this air experienced in the course of the experiment (the 
bulk being inversely as the pressure) the elastic force of the gas 
under examination was easily calculated. It is remarkable that 
many of these condensed liquids expand upon tlie application of 
heat more rapidly than the gases themselves. It has been also 
found that Marriotte’s law (26), according to which the elasticity of 
a gas increases directly as the pressure, although correct for pres- 
sures at some distance above the point of condensation, does not 
hold good as this term ^^^pp:^oached ; probably, as suggested* by 
Berzelius, because the distance to which the particles arc separated 
is not sufficient entirely to overcome the cohesive force, which in- 
creases in power the more nearly the point of condensation is 
reached (see note^ 36, and page 170). 

Although indications of this departure from MarriottcYs law 
have been observed at common temperatures, with som© of the 
more condensible gases, such as sulphurous acid, sulphuretted 
hydrogen, cyanogen, and ammonia, it was most (V itinctly exhibited 
in the experiments of*Cagniard de Latour {Ann, de Ckirnie, II. 
xxi. and xxii). De Latour partially filled some strong glass 
tubes wdth water, with alcohol, with ether, and with some other 
liquids, furnished them with gauges, and hermetically scah'd 
them. He then cautiously raised the tcmpcratiiire. The alcol'ol 
(sp. gr. 0*844), ^.hich occupied |^he capacity of the tube, gradually 
expanded to double its volume, and then suddenly disappeared in 
vapour, at a temperature of 497!° F4 it then exerted a pressure of 
about 1 19 atmospheres. Ether becomes gaseous at 392°, in a 
space equal to double its original bulk, exerting a pressure of 37 |. 
atmoajdicres ; whereas, if Marriottc^s law held good in these cases, 
calculating from the volume of vapour which a certain bulk of each 
liquid yields under the atmosphertc pressure, ether should have 
exerted a force equal to about 137 atmospheres, and alcohol of at 
least 318. Water was found to become gaseous in a space equal to 
about four times its original bulk, at a temperature of about 773® 
part I. R* 
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(that of meltinf? zinc). So great was the solvent power of water on 
glass, at this high temperature, that the addition of a little carbo- 
nate eff soda was necessary to diminish the action on the glass, which 
frequently gave way until this expedient was adopted. As the vapours 
cooled, a point was observed at which a sort of cloud filled the 
tube, and, in a few moments after, the liquid suddenly reappeared. 

( It will be seen from the subjoined table, that even after the 
liquid has wholly disappeared, the increase in the elastic force of 
the vapour, as the temperature rises, is as rapid as before it had all 
volatilized, and indeed it continues to increase in a proportion far 
grgater than that which would be produced in air by an equal ele- 
vation of temperature. Atmospheric air, under a pressure of 37*5 
atmospheres at 37o®F., would, at 482®, exert a force of 42*4, and at 
617° of 48*6 atmospheres, whereas the corresponding pressures with 
ether were 86*3 and 130*9 atmospheres. In the case of the two 
experiments with ether, the increase in elasticity is greatest at 
first in the tube which contains the smallest proportion of liquid ; 
probably because the influence of cohesive attraction is more eom- 
plc 4 ely overcome in the tube which admits of the greatest distance 
between the particles of the vapour : — 


Cagniard de Latour^s Experiments, 



1 

Ether. 

Bisulphide of 
carbon. 

Temperature 

Volume, as liquid 

7 parts, 

as vapour 20 parts 

Pressure m 1 

atmoH})herc8. 

Volume, as liquid 
3^ parts, 

as vapoui 20 parts 

Pressure in 
atmospheres. 

Volume, as liquid 

8 parts, 

as \apour so paits 

Pressure in 
atmospheres. 

212 

1 56 


4*2 

234-3 

7-9 


5*5 

257 ! 

10*6 1 

14 0 

7*9 

279-5 

I 2'9 

17*5 

* 10*0 

302 

18*0 

22*5 

13*0 

324-5 

1 22*2 

285 

16-5 

347 

28-3 

35-0 

20*2 

369*5 

37-5'' 

42 o’’ 

24*2 

393 

4^-5 

50-5 

288 

4 ^ 4*5 


58-0 

33*6 

437 

68-8 

63-5 

40'3 

459*5 

78-° 

60*0 

47-5 

482 

86-3 

70*5 


504*5 

92-3 

74 

66-5^ 

527 

104*1 

7 B 

77-8 

549*5 

112*7 

81 

89*2 

573 

119*4 

85 

98-9 

594*5 

1337 

89 

114-3 

617 1 

130*9 , 

94 

I 2 C )‘6 

628*2 I 

1 


135-5 


* At this point the liquid had entirely disappeared as vapour. 
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Count of Altdorf, was made Duke of Bavaria, by tlic Emperor 
Arnold.] ^ 

993. Conrad, King of Burgundy, son of Rudolph II. [Con- 
rad, King of Burgundy, or Arles, reigned for upw^ds of fifty- 
six years.] * ^ 

956. Hugh the Great, Duke of Burgundy, son of Robert,* 
Regent of France. [Hugh succeeded his father, as Duke of 
Burgundy, and was Governor of France.] 

9'^. Otbert, Count Palatine of Italy, and IVJanpiis of Liguria, 
only son of Adelbert HI. [Otbert, the first Count Palatine, was 
the undoubted son of Albert III.] 

940. Rudolph I., Count of Altdorf, Duke of Nether Bavaria. 
Conrarl, King of Burgundy, still lived, 993. Hugo Capet suc- 
ceeded his father as Duke of Burgundy (956) and King of 
France (987), 996. [Rudolph, of Bavaria, his cotcinporary, is 
little known beyond his native state. During the lifetime of 
these princes, Conrad, King of Burgundy, still lived ; but Hugo 
Capet had succeeded his father, as Duke of Burgundy.] 

1014. Otbert II., Marquis of Liguria, Count Palatine of Italy, 
eldest sou of Otbert I. [Rudolph, last King of Burgundy, left ^ 
no male issue, and th^J'^rngdom fell to the Emperor Conrad IL, 
who had married his niece Cisela, the daughter of his sister 
Gerberga, by Herman IL, Duke of Swabia.] 

1020. Rudolph IL, Count of Altdorf, and Duke of Nether 
Bavaria. 

1032. Rudolph II L, last King of Burgundy. 

1 029. Albert Azo I., eldest son of Otbert II., became Marquis 
of Liguria, 1014, and Marquis of Este, from residing in riic 
castle of Este. He had four brothers, Hugh, Adelbert, Otbert, 
and Guido. 

1036. Guelph IL (sometimes called Wolfard) succeeded his 
father as Count of Alttlorf and Duke of Nether Bavaria, married 
Imiga, daughter of Frederick, (/ount of Luxemburgh. [Guelpli IL, 
by his inarriage with the Princess Imiga, or Irmingarde, acquired 
a large property in Italy, which he gave with his daughter to her 
cousin and husband, Azo IL] 

1097. Azo IL, Marquis of Este, succeeded bisofather, 1029, 
and married Ciineguiida, the only daughter of Guelph IL of 
Bavaria, whose son, ou the death of lier only brother, Guelph- 
Duke of Cariuthia, inherited the states of Altdorf, &c., 1044, 
[Azo IL, by his marriage with Cunegunda, united the two lines 
of the family of Guelph, which had been separated during eight 
generations, from 800 to 1036. And their son Gnelpli, who 
succeeded his uncle in the allodial states of Altdorf, Ravensberg, 
anck«>thers in Bavaria, was made Sovereign Duke of all Bavaria 
by Henry IV., 1070.1 
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1101. Guelph, Count of Altdorf, Duke of Bavaria, married 
Juditlt, widow of Tostus, titular King pf England. His younger 
brothers were ancestors of the Dukes *of Ferrari and Modena. 
[This is the^rst prince of the United families. He was acknow- 
ledged tlie Sovereign Lord of the Italian principalities. But his 
‘ younger brothers, Hugo and Fulk, by another mother, inherited 
iliese states as fiefs.] 

1127. Henry the Black succeeded his father as Duke of 
Bavaria, married Wolfilda, eldest daughter of Magnus Billung. 
His eldest brother Guelph died without he:rs male. [Henry the 
Black succeeded his father as Duke of Bavaria, and, on the death 
of Magnus Billung, he got the greater portion of the Saxon 
slates.] 

1177. Henry the Proud, succeeded his father as Duke of 
Bavaria, and was created Duke of Saxony, 1239; married 
Gertrude, daughter of the Emperor Lothaire, 1143. His elder 
brother, Conrad, died a monk, 1126: his ‘younger brother, 
Guelph, was Duke of Spoleto, 1191 : his nephew, Guelph, died 
in his youth, 1168. [Henry the Proud succeeded to the Duchy 
of Bavaria on the death of his elder brother, and was invested 
“with the Duchy of Saxony by his father-in-law. Conrad, his 
elder brother, preferred the retirement of the cloister to the 
pomp of reigning as Duke of Bavaria ; his* younger brotlu r, 
Guelph, was provided for in Italy; bnt his only son dying in his 
youth, this line failed.] 

1195. Henry the Lion, Duke of Bavaria and Saxony, married 
Matilda, Princess Royal of England, 1189. [Henry the Lion 
succeeded to both duchies, but was deprived of Saxony for a 
time, and afterwards lost both, together with his uncle’s Italian 
estates.] 

1213. William, Prince of Luneburg, married Helen, daughter 
of Wuldemai 1,, King of Denmark. His eldest brother, Henry L, 
was Count Palatine of the Rhine, and his next brother, 1227, 
Otho, Emperor of Germany. These two left no male heirs, 1218. 
[William, the youngest son of Henry the Lion, never had any 
other title than that of Prince, or Duke of Luneburg. He died 
before his elder brothers : he was the only one of the family 
that left male issue. The Count Palatine had a son that died 
young, and two daughters that survived him. Otho, the 
Empovor, had no issue.] 

1252. Otho the Child, only son of William, succeeded his* 
uncle Henry as Duke of Luneburg, Duke of Brunswick and 
Luneburg, in 1235; iftarried Matilda, daughter of Albert II., 
Margrave of Brandenburg, 1261. [Otho, surnamed the Child, 
only son of William, Prince of Luneburg, succeeded to^tlic 
whole of the Brunswick states on the death of his uncle Henry, 
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Count Palatine. He was created Duke of Brunswick and Lune* 
l)crg, by the Emperor Frederick II., 1235.] 

1279. Albert the Great, Duke of Brunswick, married Eliza- 
beth, daughter: of Henry V., Duke of Brabant, J261. His 
younger brother John got the half of the Duchy, and reigned as 
Duke of LUneburg 1277. ^[Albert, the eldesf son of Otho, 
governed the entire duchy for some time; but the country was 
afterwards divided between him and his younger brother John, 
who was the first Duke of Luneburg.] 

1318. Albert II. (cr, the Fat) the second so?i of Albert I., was 
Duke of Brunswick-Gottingen ; married Reihenza, Princess of 
Werle, 1314. [The Duchy of Brunswick, which remained *as 
the portion of Albert I., was subdivided between his two sons, 
Henry and Albert II. Henry got the Principality of Gruben- 
hagen, and Albert, Gottingen.] 

1369. Magnus I., seventh son of Albert II., was Duke of 
the Principality of Brunswick Proper. He married Sophia 
Agnes, daughter of Henry, Margrave of Brandenburg. [The 
portion of Albert II. was again divided among his three sons, 
Otho, Magnus, and Ernest, and formed the Duchies of Gottin- 
gen, Brunswick, and Wolfcnbuttel, which continued distinct for 
three generations.] 

1383. Magnus II., (or Torquatus,) sixth son of Magnus I., 
succeeded his father at Brunswick; married Catherine, daughter 
of Waldemar, Prince of Anhalt, 1380. [Magnus II. succeeded 
of right to the states of Luneburg, on the extinction of the male 
line of John, brother of Albert I., in 1369; but his claim was 
disputed by the Dukes of Saxony.] ^ 

1434, Bernhard, second son of Magnus II.,* succeeded his 
father as Duke of Luneburg; married Margaret, Princess of 
Saxony. [A second division of the Duchy of Brunswick and 
Luneburg was madfe between the two sons of Magnus II. ; 
Bernhard got Luneburg; and Henry, the youngest son, Bruns- 
wick.] 

1478. Frederick, second son of Bernhard, became Duke of 
Luneberg; married Magdalene, Princess of Brandenburg, 1453. 
[Otho, the elder brother of Frederick, enjoyed, the states of 
Luneburg during his life, but he had no issue, and Frederick 
succeeded at his death.] 

1471. Otho, youngest son of Frederick, died before his father. 
He married Ann, daughter of John of Nassau, 1514. [Bernhard, 
the eldest son of Frederick, was put in possession of the duchy 
by his father, but he died at Celle in 1464, and left no issue; 
Otho, his brother, then succcefded, as their father remained in a 
cc-jvent; but at Otho’s death, Frederick resumed the govern- 
ment, for the benefit of his grandson.] 
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Henry, only son of Otho. succeeded his grandfather 
Frederick, as Duke of Luneburg, 1478; married Margaret, 
daughter of Frederick, Elector of Saxony, 1528. 

1547. Ernest, the Confessor, second son of Henry, .became 
Administrator of Luneburg, in conjunction with his elder and 
c.youoger brothers, Otho and Francis. Married Sophia, daughter 
of Henry Duke of Mecklenburg, l64l, Henry was banished, on 
account of the civil wars in Luneburg and Brunswick, but his 
sons were allowed to govern the duchy for him; after his death, 
Otho, the eldest, retired to Harburg, and Francis, the youngest, 
took the principality of Gifforn, so that Ernest remained in 
possession of Luneburg, which he transmitted to his second 
son, William. Brunswick Wolfenbuttel, and other states^ went 
to Henry, the eldest son of Ernest.] 

1592. William, Duke of Luneburg, succeeded his father, as 
Duke of Luneburg, when his elder brother Henry, got the 
Duchy of Brunswick Wolfenbuttel, 1598. William married 
Dorothea, daughter of Christian III., King of Denmark, 1617. 
[This was the third and last -division of the duchy of Brunswick 
and Luneburg ; Augustus, the youngest son of Henry, succeeded 
J .0 the government of Brunswick, and the^fons of George inherited 
Luneburg. There were seven of these sons, and they drew lots 
which should marry ; George proved successful, and had four 
sons, among whom he divided the states of Luneburg, in two 
equal portions. Celle was made the capital of the first division, 
and Hanover that of the other. The eldest w^as to have his 
choice, and the second son to govern that portion which the 
eldest refused. The younger sons were to have no sovereign 
principality. George Louis, eldest son of Ernest Augustus, 
married his cousin, the only daughter of his uncle, George 
William, the eldest surviving son of George, and their only son, 
George Augustus, (George II.) succeeded t:) the entire division 
of Luneburg or Celle, and Hanover. The Electorate of Hanover 
was made a kingdom in 1815. — ^The entire of the division of 
Brunswick centred in the grandfather of the present Duke of 
Brunswick, in 1780,] 

1641. George, .sixth son of William, resided at Hertzberg and 
Hanover. Married Anne Elenora, daughter of Louis V., Land- 
grave of Hesse Darmstadt. 1659. 

Ernest Augustus, youngest son of George, Bishop of Osnaburg, 
Duke of Hanover; and, in 1692, Elector of Hanover. Married, , 
1698, Sophia, daughter of Frederick V,, Elector Palatine, by 
Elizabeth Stuart, Princess Eoyal of England, 1714. 

1727. George I.oais, eldest son of Ernest Augustus, Elector 
of Hanover, and 22d August, 1711, King of England. 



APPENDIX NO. V. 861 

% 

1760. George II., (Augustus,) King of England, only son of 
George I. 

1751. Frederick, Prince of Wales, eldest son of George II., 
died before his father. » 

George III., (William Frederick,) eldest son of Frederick, 
Prince of Wales, succeeded ^lis grandfather, 176?). 

Geoi'ge IV., eldest sou of George III., succeeded his father, 
January 29, 1820. 

William IV., third son of George III., succeeded his brother, 
George IV., June 26,^830. 

Ernest II., fifth son of George HI., succeeded his brother, 
William IV., June 20, 1837. 


APPENDIX*— No. V* 

ANCESTRY OF ADELAIDE, QUEEN DOWAGER OF ENGLAND. 

The following particulars relating to the history of the Ernestine 
line of tlie family of Saxe, cannot fail to be interesting, at the 
present juncture, to our inquiring countrymen. Eminent virtues 
of ancestors deserve to be recalled to view, whether as contrasts 
or as encouragements, but especially when there is reason to 
believe that their descendants sincerely imitate the cxamgles 
which have such high claims on their regard. 

Queen Adelaide's direct ancestors, in the sixteenth century, were 
the three successive Electors of Saxony, to whose names, after their 
nobly-spent lives were ended, their surviving contemporaries, with 
the approving voice of posterity, affixed the epithets, without flat- 
tery, deserved and characteristic, by which they are known in his- 
tory — Frederic the Wise — John the Constant — and John Frederic 
the Magnanimous. The heroic honour of these illustrious men, 
their devotedness to the cause of human happiness and liberty ; 
the treachery, cruelty, and tyranny which affected the deposi- 
tion of the last of them, and robbed his family of the rich 
domains and dignity of the Electorate, can be but imperfectly 
I judged of from the frigid statements of our own historians. 
Probably the best and fullest accounts to which the English 
reader can be referred, are to be found in Dean Milner’s Eccle- 
siastical History, with continuations by Joseph Milner. 

After the death of the deposed Elector, his son, of the same 
name, was prevailed upon by the Count Von Gumbach, a des- 
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perate adventurer, to attempt, tbe recovery of his hereditary 
dominions. The rash attempt failed,, as might have been rea- 
sonably anticipated ; and he languished in prison, a victim to 
the ungenerous vengeance of the Austrian government, till death 
released him, after twenty-eight years, in 1595. In the mean 
lime, the ducliies of Gotha \ and Weimar were vested in his 
younger brother, John William. He was succeeded by his son, 
the Dulie John, of whose ten sohs, two acquired an enduring 
name in some of the most interesting records of the history of 
the seventeenth century. 

One of them was Bernard, Duke of Weimar. He joined the 
deliverer of Germany, Gustavus Adolphus, accompanied him in 
his triumphant career, and, when he fell at Liitzen, contributed 
mainly to secure the victory of that terrible day. He was then 
intrusted with the command of the chief part of the Germano- 
Swedish army. Providence smiled upon his undertakings. 
Among other great successes, he conquered the Brisgau, the 
most ancient possession of the house of Hapsburg ; and he would 
have added this small but valuable district to his own little 
domain, had he not been circumvented by the intrigues of 
Cardinal Richelieu. The wily ecclesiastic sought to allure the 
frank and heroic Saxon from his course of service to his country 
and the Protestant cause, by proposing a marriage with the 
Duchess D’Aigullon ; but Bernard rejected the insidious offer, 
(a.d. 1639,) Soon afterwards he died, in his 35th year, after 
two days’ illness, declaring his persuasion that poison had been 
administered to him by the contrivance of Richelieu. “ In him,” 
says Schiller, “ the allies lost the greatest captain that they 
possessed after Gustavus Adolphus.” In the school of Gustavus 
he was trained ; he closely followed his exalted pattern, and he 
wanted only a longer life to heive equalled or excelled it. With 
the braverjT of the fighting soldier, he imitbd the cool and calm 
glance of the general — with the rapid resolution of a youth, the 
persevering courage of a man — with the wildfire of the warrior, 
the dignity of the prince, the moderation of the sage, and the 
conscientiousness of the (Christian) man of honour. 

One of his-ielder brothers was Ernest I. Duke of Gotha and 
Altenburgh, whose name, with the epithet The Pious, is to the 
present day a mark- word of affection and honour among the 
descendants of his subjects. He also joined the pious Swedisir 
hero ill the ever-memorable expedition for the deliverance d 
Germany, and rendered many essential services. In particular, 
on the day of Liitzen, he sustained the shock of the fresh troops 
brought up by the fierce Pappenheim, (the Telamonian Ajax of 
the Imperial army, who also fell in the dreadful slaughter,) 'Mid 
turned back that last onset of despair and rage. 
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Soon after, at the roqiicst of Bernard, lie left the army, and 
<levoted himself to heal the wounds, and repair the ruins, of their 
contiguous territories. The miseries which the thirty years’ war 
had inflicted upon the whole of Germany were sucl^ as to baffle 
description. Ernest became, in every sense, the restorer and 
father of the country over which his authority ^or influence ex 
tended. He encouraged arurassisted to the utmost in the rebuild- 
ing of habitations and public edifices, the revival of agriculture, 
t lie promotion of river-navigation, and the advancement of every 
kind of industry and peaceful enjoyment. Hj? gave a beneficent 
constitution, and settled laws ; and he re-organised the system 
of administration, by which he raised his states to an unexam - 
])led degree of security and social happiness. He restored or 
founded schools and colleges for all ranks ; and for the poor, 
hospitals, almg-houses, and orphan -schools. He took the great- 
est pains to obtain pious, candid, and laborious clergymen, to 
supply all the towns and villages. He laboured to allay dif- 
ferences and controversies of all kinds, and to promote a kind 
and pacific disposition in the minds of contending theologians, 
^ whose zeal for formularies of human invention had made them 
too forgetful of evangelical charity. He employed powerful 
and liberal means for the universal distribution of the Bible, 
and, that it might be not only possessed in every house, but dili- 
gently read, understood, and obeyed. He took a deep interest 
in plans for the extension of the Christian religion in heathen 
and unenlightened countries. To promote this object, he sent an 
embassy to the King of Abyssinia, and took other active measures 
wherever he conceived hopes of success. For the education of 
his children he adopted the wisest plans, and to their private 
religious instruction in scriptural knowledge, and its practical 
application, the Duke contributed his personal labours with 
aft’cctionate dcvotioiuand persevering regularity. Aifd, to crown 
all, his own character, in all the virtues of public and private 
life, was an unaffected and consistent illustration oi the Bible - 
religion, which he took so much pains to inculcate on his chil- 
dren and subjects. This good and great Prince died in 1G7/3, 
aged 74, “ His will,” says a German authority, is a mirror for 

rulers, and all Princes would do well to take lectures from it.” 
He was the founder of the New or United House of Gotha. It 
was his wish to preserve the iHiity of his dominions, but his plan 
for that purpose could not be carried into effect; and shortly 
after his death the domain was divided among his seven sons. 
Hence arose those seven subdivisions of this branch of the 
Ernestine line of the ancient electoral house of Saxony, which 
ofUm perplex lilnglish readers of modern history — the houses of 
Saxe-Gotha, Coburg, Meiningcn, Romhild, Eisenberg, Hildburg- 
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hausen, and Saalfield. The last four have, by the failure of 
heirs, or by marriages and treaties, been incorporated into the 
preceding three. The third of those 'seven sons was Bernard, 
who received as his appanage the Duchy of Saxe-Meiningen ; 
and by the death of his brother Albert, in 1699, obtained some 
f'::ccession of territory; he died in 706: and the inheritance 
passed to his three sons, who reigned jointly. Of them the sur- 
vivor was Antony Ulrich. On nis death, in 1763, the succession 
and the political administration were vested in his two sons, 
Augustus Frederitk Charles, and Georg^i Frederick Charles ; 
the former of whom dying in 1782, the entire possession remained 
with his brother, the late Duke George, the father of the Prin- 
cess who became the Queen of William IV. He died Decem- 
ber 24th, 1803, leaving three children ; the Queen Dowager, 
who is the eldest; the Princess Ida, born in 1794, and married 
in 1816 to Bernard, son of the Archduke Charles Augustus, of 
Saxe-Weimar-Eisenach ; and Bernard Henry, who was only 
three years old at the death of, his father. His mother the Du- 
chess Dowager, administered the government till December, 1821 , 
when the Duke had completed his 21st year. In 1825, he mar- 
Vied Mary, daughter of William II. Prince of Hesse -Cassel. 

The extent of the territory of Saxe-Meiningen is 41 *78 square 
German miles, equal to about 680 square English miles, and the 
population 140,400, that is, a little larger than Hertfordshire, 
and about as populous. The principal town, Meiningen, con- 
tains nearly 5,000 inhabitants. The people of the entire coun- 
try are supported by agriculture, a few simple manufactures, 
and their mutual trade. They are governed according to the 
constitution of Ernest the Pious, and have an elective house 
of representatives, the members of which are chosen for six 
yearR 








